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viii PREFACE TO SECOND EDITION, 

and that the worth of the pursuit of science as an 
intellectual discipline is almost lost by those who 
seek it only in books. 

As the majority of the readers of these Lessons 
will assuredly have no opportunity of studying ana- 
tomy or physiology upon the human subject, these 
remarks may seem discouraging. But they are not 
so in reality. For the purpose of acquiring a prac- 
tical, though elementary, acquaintance with physi- 
ological anatomy and histology, the organs and tissues 
of the commonest domestic animals afford ample 
materials. The principal points in the structure ^nd 
mechanism of the heart, the lungs, the kidneys, or 
the eye, of man, may be perfectly illustrated by the 
coiTesponding parts of a sheep ; while the phenomena 
of the circulation, and many of the most important 
properties of living tissues, are better shown by the 
common frog than by any of the higher animals. 

Under these circumstances there really is no reason 
why the teaching of elementary physiology should not 
be made perfectly sound and thorough. But it should 
be remembered that, unless the learner has previously 
acquired a knowledge of the elements of Physics and 
of Chemistry, his path will be beset with difficulties 
and delays. 

T. H. H. 

London; yuly 1868. 
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The originals of the woodcuts are, for the most 
part, to be found in the works of Bourgery, Gray, 
Henle, and KoUiker. A few are new. 

I am particularly indebted to my accomplished 
friend, Dr. Michael Foster, for the pains and trouble 
he has bestowed upon the Lessons in their passage 
through the press. 

The Royal School of Mines, London, 

October 1866. 
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LESSON I. 

A GENERAL VIEW OF THE STRUCTURE AND 
FUNCTIONS OF THE HUMAN BODY. 

I. The body of a living man performs a great diversity 
of actions, some of which are quite obvious ; others re- 
quire more or less careful observation ; and yet others can 
be detected only by the employment of the most delicate 
appliances of science. 

Thus, some part of the body of a living man is plainly 
always in motion. Even in sleep, when the limbs, head, 
and eyelids may be still, the incessant rise and fall of the 
chest continue to remind us that we are viewing slumber 
and not death. 

More careful observation, however, is needed to detect 
the motion of the heart ; or the pulsation of the arteries ; 
or the changes in the size of the pupil of the eye with vary- 
ing light ; or to ascertain that the air which is breathed out 
of the body is hotter and damper than the air which is takea 
in by breathing. 

And lastly, when we try to ascettaitv 'w\v^l \va.y^^T\s»'^'^ 
Jbe eye v^hen that organ is adjusted to d\^^x^Tv\. ^\svaxv&^'^ *• 
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or what in a nerve when it is excited ; or of what materials 
flesh and blood are made ; or in virtue of what mechanism 
it is that a sudden pain makes one start — we have to call 
into operation all the methods of inductive and deductive 
logic ; all the resources of physics and chemistry ; and all 
the delicacies of the art of experiment. 

2. The sum of the facts and generahzations at which we 
arrive by these various modes of inquiry, be they simple 
or be they refined, concerning the actions of the body and 
the manner in which those actions are brought about, con- 
stitutes the science of Human Physiology. An elementary 
outline of this science, and of so much anatomy as is inci- 
dentally necessary, is the subject of the following Lessons ; 
of which I shall devote the present to an account of so 
much of the structure and such of the actions (or, as they 
are technically called, '* functions ") of the body, as can be 
ascertained by easy observation ; or might be so ascer- 
tained if the bodies of men were as easily procured, exa- 
mined, and subjected to experiment, as those of animals. 

3. Suppose a chamber with walls of ice, through which 
a current of pure ice-cold air passes ; the walls of the 
chamber will of course remain unmelted. 

Now, having weighed a healthy living man with great 
care, let him walk up and down the chamber for an hour. 
1 n doing this he will obviously exercise a great amount of 
mechanical force ; as much, at least, as would be required 
to lift his weight as high and as often as he has raised him- 
self at every step. But, in addition, a certain quantity of the 
ice will be melted, or converted into water ; showing that 
the man has given off heat in abundance. Furthermore, if 
the air which enters the chamber be made to pass through 
lime-water, it will cause no cloudy white precipitate of 
carbonate of lime, because the quantity of carbonic acid 
in ordinary air is so small as to be inappreciable in this 
way. But if the air which passes out is made to take the 
same course, the lime-water will soon become milky, from 
the precipitation of carbonate of lime, showing the pre- 
sence of carbonic acid, which, like the heat, is given off by 
the man. 
Again, even if the air be quite dry ;3ls»\\. eYv\^xs\\\fcOKassv- 
ber(and the chamber be lined nvUVv some TC\^\.e.x\2\ ^o ^vva 
shut out all vapour from the me\t\ivg Vee vja\\s^,Vtv^^^NNW:. 
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is breathed out of the man, and that which is given off 
from his skin, will exhibit clouds of vapour ; which vapour, 
therefore, is derived from the body. 

After the expiration of the hour during which the expe- 
riment has lasted, let the man be released and weighed 
once more. He will be found to have lost weight. 

Thus a living, active, man constantly exerts inechanual 
force^ gives off heat^ evolves carbonic acid and water ^ and 
undergoes a loss of substance, 

4. Plainly, this state of things could not continue for 
an unlimited period, or the man would dwindle to nothing. 
But long before the effects of this gradual diminution of 
substance become apparent to a bystander, they are felt 
by the subject of the experiment in the form of tne two 
imperious sensations called hunger and thirst. To still 
these cravings, to restore the weight of the body to its 
former amount, to enable it to continue giving out heat, 
water and carbonic acid, at the same rate, for an indefinite 
period, it is absolutely necessary that the body should be 
supplied with each of three things, and with three only. 
These are, firstly, fresh air ; secondly, drink — consisting 
of water in some shape or other, however much it may be 
adulterated ; thirdly, food. That compound known to 
chemists as proteid matter, and which contains carbon, 
hydrogen, oxygen, and nitrogen, must form a part of this 
food, if it is to sustain life indefinitely ; and fatty, starchy, 
or saccharine matters ought to be contained in the food, 
if it is to sustain life conveniently. 

5. A certain proportion of the matter taken in as food 
either cannot be, or at any rate is not, used ; and leaves 
the body, as excrementitious matter, having simply passed 
through the alimentary canal without undergoing much 
change, and without ever being incorporated with the 
actual substance of the body. But, under healthy con- 
ditions, and when only so much food as is necessary is 
taken, no important proportion of either proteid matter, 
or fat, or starchy or saccharine food, passes out of the 
body as such. Almost all real food leaves the body in 
the form either of water, or of carbonic acid, or of a thud 
substance called urea, or of certain saline corcv^owTv^'a. 

CYiem'wts have determined that these prodwcX.?* vA\\Ocv -ax^ 
thrown out of the body and are called excretions .^ eoxvva^xv^ 

B 2 
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if taken altogether, far more 03^ygen than the food and 
water taken into the body. Now, the only possible source 
whence the body can obtain oxygen, except from food and 
water, is the air which ^rrounds It.* And carefid inves- 
tigation of the air which leaves the chamber in the imagi- 
nary experiment described above would show, not only 
that it has gained carbonic 2jciAfrom the man, but that it 
has lost oxygen in equal or rather greater amount to him. 

6. Thus, if a man is neither gaining nor losing weight, 
the sum of the weights of all the substances above enume- 
rated which leave the body ought to be exactly equal to 
the weight of the food and water which enter it, together 
with that of the oxygen which it absorbs from the air. 
And this is proved to be the case. 

Hence it follows that a man in health, and *^ neither 
gaining nor losing flesh," is incessantly oxidating and 
wasting away, and periodically making good the loss. 
So that if, in his average condition, he could be confined 
in the scale-pan of a delicate spring balance, like that 
used for weighing letters, the scale-pan would descend at 
every meal, and ascend in the intervals, oscillating to 
equal distances on each side of the average position, 
which would never be maintained for longer than a few 
minutes. There is, therefore, no such thing as a sta- 
tionary condition of the weight of the body, and what we 
call such is simply a condition of variation within narrow 
limits — a condition in which the gains and losses of the 
numerous daily transactions of the economy balance one 
another. 

7. Suppose this diumally-balanced physiological state 
to be reached, it can be maintained only so long as the 
quantity of the mechanical work done, and of heat, or 
other force evolved, remains absolutely unchanged. 

Let such a physiologically-balanced man lift a heavy 
body from the ground, and the loss of weight which he 
would have undergone without that exertion will be 
immediately increased by a definite amount, which 
cannot be made good unless a proportionate amount of 

' Fresh country air contains in every 100 parts tvcaxVv ^t o^ ox^\£,«i ^'o.^ 
7jP of nitrogen gas, together with a smaU fracuon oi a pano^ caxWvt ^cve^ 
a minute uncertain proportion of ammonia, and a vax\aUe qu^wv^ ^^ >n^x«^ 
-^pour, (SecLessoa IV, J 11.} 
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ventral (or back and front) aspects, the two halves would 
almost exactly resemble one another. 

9. One-half of the body, divided in the manner de- 
scribed (Fig. I, A), would exhibit, in the trunk, the 
cut faces of thirty-three bones, joined together by a 
very Strong and tough substance into a long column, 
which lies much nearer the dorsal (or back) than the 
ventral (or front) aspect of the body. The bones thus 
cut through are called the bodies of the vertebra. They 
separate a long, narrow canal, called the spinal canal^ 
which is placed upon their dorsal side, from the spacious 
chamber of the chest and abdomen, which lies upon their ' 
ventral side. There is no direct communication between 
the dorsal canal and the ventral cavity. 

The spinal canal contains a long white cord — the spinal 
r*?/'^— -which is an important part of the nervous system. 
The ventral chamber is divided into the two subordinate 
cavities of the thorax and abdomen by a remarkable, 
partly fleshy and partly membranous, partition, t\ie dia- 
phragm (Fig. I, Z>), which is concave towards the abdo- 
men, and convex towards the thorax. The alimentary 
canal (Fig. i, Al^ traverses these cavities from one end to 
the other, piercing the diaphragm. So does a long double 
series of distinct masses of ner\'ous substance, which arc 
called ganglia^ are connected together by nervous cords, 
and constitute the so-zdXidd, sympathetic (Fig. i, Sy^, The 
abdomen contains, in addition to these parts, the two 
kidneys^ one placed against each side of the vertebral 
column, the liver^ the pancreas or "sweetbread," and the 
spleen. The thorax encloses, besides its segment of the 
alimentary canal and of the sympathetic, the heart and 
the two lungs. The latter are placed one on each side of 
the heart, which lies nearly in the middle of the thorax. 

Where the body is succeeded by the head, the upper- 
most of the thirty-three vertebral bodies is followed by a 
continuous mass of bone, which extends through the whole 
length of the head, and, like the spinal column, separate s 
a dorsal chamber from a ventral one. The dorsal cham- 
J^er, or {:az///y 0/ the skull ^ opens mlo tVve s^maX c-ax^aX. \x 
contains a mass of nervous matter caWedtYvt brain, vi\i\si\x 

continuous with the spinal cord,tVx\iTam^\\^>^^^^2^^ 
f^ord together constituting what is termed tVve cerebro-sl)ina 
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axis (Fig. i, C^S*., C^".). The ventral chamber, or cavity 
of the face, is almost entirely occupied by the mouth and 
pharynx, into which last the upper end of the alimentary 
canal (called gullet or cesophagus) opens. 

10. Thus, the study of a longitudinal section shows us 
that the human body is a double tube, the two tubes being 
completely separated by the spinal column and the bony 
axis of the skull, which form the floor of the one tube and 
the roof of the other. The dorsal tube contains the cere- 
bro-spinal axis ; the ventral, the alimentary canal, the 
sympathetic nervous system, and the heart, besides other 
organs. 

Transverse sections, taken perpendicularly to the axis 
of the vertebral column, or to that of the skull, show still 
more clearly that this is the fundamental structure of the 
human body, and that the great apparent difference be- 
tween the head and the trunk is due to the different size 
of the dorsal cavity relatively to the ventral In the head 
the former cavity is very large in proportion to the size of 
the latter (Fig. i, B) ; in the thorax, or abdomen, it is very 
small (Fig. i, C). 

The Hmbs contain no such chambers as are found in 
the body and the head ; but, with the exception of certain 
branching tubes filled with fluid, which are called blood- 
vessels and lymphatics, are solid or semi-solid, throughout. 

11. Such being the general character and arrangement 
of the parts of the human body, it will next be well to con- 
sider into what constituents it may be separated by the 
aid of no better means of discrimination than the eye and 
the anatomist's knife. 

With no more elaborate aids than these, it becomes 

easy to separate that tough membrane which invests the 

whole body, and is called the skin, or interment, from the 

parts which lie beneath it. Furthermore, it is readily 

enough ascertained that this integument consists of two 

portions : a superficial layer, which is constantly being 

shed in the form of powder or scales, composed of minxxte 

particles of horny matter, and is called the epidermis; 

and the deeper part, the dermis, which is dense and fibrous 

<^^^- 32). The epidermis, if wounded, ivevO^vex ^ve& tv^^ 

to pain nor bleeds. The dermis, undei \\Ve ^vccnxwv 

stances. Is very tender, and bleeds iieeVy. K ^x^cxv:: 
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distinction is drawn between the two in shaving, in the 
course of which operation the razor ought to cut only 
epidermic structures ; for if it go a shade deeper, it gives 
rise to pain and bleeding. 

The skin can be readily enough removed from all parts 
of the exterior, but at the margins of the apertures of the 
body it seems to stop, and to be replaced by a layer which 
is much redder, more sensitive, bleeds more readily, and 
which keeps itself continually moist by giving out a more 
or less tenacious fluid, called mucus. Hence, at these 
apertures, the skin is said to stop, and to be replaced by 
mucous membrane^ which lines all those interior cavities, 
such as the alimentary canal, into which the apertures 
open. But, in truth, the skin does not really come to an 
end at these points, but is directly continued into the 
mucous membrane, which last is simply an integument of 
greater delicacy, but consisting fundamentally of the same 
two layers, — a deep, fibrous layer, containing blood-vessels 
and nerves, and a superficiaJ, insensible, and bloodless 
one, now called the epithelium. Thus every part of the 
body might be said to be contained between the walls ol 
a double bag, formed by the epidermis, which invests the 
outside of the body, and the epithelium, its continuation, 
which lines the internal cavities. 

12, The dermis, and the deep, sanguine layen which 
answers to it in the mucous membranes, are chiefly made 
up of a filamentous substance, which yields abundant * 
gelatine on being boiled, and is the matter which tans 
when hide is made into leather. This is called areolar^ 
JibrouSy or, better, connective tissue.^ The last name is the 
best, because this tissue is the great connecting medium 
by which the different parts of the body are held together. 
Thus it passes from the dermis between all the other 
organs, ensheathing the muscles, coating the bones and 
cartilages, and eventually reaching and entering into the 
mucous membranes. And so completely and thoroughly 
does the connective tissue permeate almost all parts of 
the body, that if every other tissue could be dissected 
away, a complete model of all the organs would be left 
composed of this tissue. Conneclw^ \\ss\\^ N-ar^^^ n^'^^ 

' Every such constituent of the body, as ev\AetTtCv&, cax\K\a."Sp., a« \n»s*^'t'. 
is called a. "tissue." (See Lesion Xll.) 
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much in character ; sometimes being very soft and tender, 
at others— as in the tendons and ligaments, which are 
almost wholly composed of it — attaining great strength 
and density. 

13. Among the most important of the tissues imbedded 
in and ensheathed by the connective tissue, are some the 
presence and action of which can be readily determined 
during life. 

If the upper arm of a man whose arm is stretched out j 
be tightly grasped by another person, the latter, as the j 
former bends up his fore-arm, will feel a great soft mass 
which lies at the fore part of the upper arm, swell, harden, 
and become prominent. As the arm is extended again, 
the swelling and hardness vanish. 

On removing the skin, the body which thus changes its 
configuration is found to be a mass of red flesh, sheathed 
in connective tissue. The sheath is continued at each end 
into a tendon, by which the muscle is attached, on the 
one hand, to the shoulder-bone, and, on the other, to one 
of the bones of the fore-arm. This mass of flesh is the 
muscle called bice^s^ and it has the peculiar property of 
changing its dimensions — shortening and becoming thick 
in proportion to its decrease in length — when influenced 
by the will as well as by some other causes,^ and of 
returning to its original form when let alone. This 
temporary change in the dimensions of a muscle, this 
shortening and becoming thick, is spoken of as its con- 
traction. It is by reason of this property that muscular 
tissue becomes the great motor agent of the body ; the 
muscles being so disposed between the systems of levers 
which support the body, that their contraction necessi- 
tates the motion of one lever upon another. 

14. These levers form part of the system of hard 
tissues which constitute the skeleton. The less hard of 
these arc the cartilages^ composed of a dense, firm sub- 
stance, ordinarily known as " gristle." The harder arc the 
bones^ which are masses either of cartilage, or of connec- 
tive tissue, hardened by being impregnated \s'\\\i phosphate 
and carbonate of lime. They are amitvsA. l\ssucs which 
/2a vc become, in a manner, naturaWy peliV^e^ *, ^xv^ >n\vq.tv 
t/2c salts of lime are extracted, as thc^' w^^ \ie,\i>,' vV^ 

' Such causes arc called stintitli. 
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the surface of support, the muscles of the calf (Fig. 2, 1) 
must contract, or the legs and body would fall forwaurd. 



ur 



V 



r 



:.\ 



11 



\\ 



^ 



Fig. 2.— a Diagram illustrating the Attachments of some of the 
most important muscles which keep the body in the erect 
Posture. 

/ The muscles of the calf. II. Those of 0\e \»a!C^L ot ^^it i^o:^. lU. 
Tjoose of the spine. These tend to keep the body from iaiaM^i^torw^. 
T.Tbe muscles of the front of the leg. a. Those of tVve ^7^^^\^J^y^|^ 
J; Those Of the front of the abdomen. 4, 5- '^«>«L5^ "^^^^^aS^ 
.A ^ '*'"/' '"^ *~P '»>« body from falling bodcwM^ -n^aww^u-^^" 
tAe direction of action of the muscles, the foolbcvftfttixea. 
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lower limbs, a controlling and governing power over them 
still remains in the body. For, if the soles of the 
disabled feet be tickled, though no sensation will reach 
the body, the legs will be jerked up, just as would be the 
case in an uninjured person. Again, if a series of galvanic 
shocks be sent along the spinal cord, the legs will per- 
form movements even more powerful than those which 
the will could produce in an uninjured person. And, finally, 
if the injury is of such a nature that the cord is crushed 
or profoundly disorganized, all these phenomena cease ; 
tickling the soles, or sending galvanic shocks along the 
spine, will produce no effect upon the legs. 

By examinations of this kind carried still further, we 
arrive at the remarkable result that the brain is the 
seat of all sensation and mental action,. and the primary 
source of all voluntary muscular contractions ; while the 
spinal cord is capable of receiving an impression from 
the exterior, and converting it not only into a simple 
muscular contraction, but into a combination of such 
actions. 

Thus, in general terms, we may say of the cerebro- 
spinal nervous centres, that they have the power, when 
they receive certain impressions from without, of giving 
rise to simple or combined muscular contractions. 

1 8. But you will further note that these impressions 
from without are of very different characters. Any part 
of the surface of the body may be so affected as to give 
rise to the sensations of contact, or of heat or cold ; ana 
any or every substance is able, under certain circum- 
stances, to produce these sensations. But only very few 
and comparatively smiU portions of the bodily frame- 
work are competent to be affected, in such a manner as to 
cause the sensations of taste or of smell, of sight or of 
hearing : and only a few substances, or particular kinds 
of vibrations, are able so to affect those regions. Th*»se 
very limited parts of the body, which put us in relation 
with particular kinds of substances, or forms of force, 
are what are termed sensory orc^ans. There are two such 
organs for si:Tht, two for hearing, two for smell, and one, 
or more strictly speaking two, for taste. 

19. And now that we have taken this brief view of the 
structure of the body, of the organs which support it, 
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in jets out of these cavities into the arteries, and thence 
into the capillaries, whence it returns by the veins back 
into the heart. 

This is the circulation of the blood, 

22. Now the fluid containing the dissolved or suspended 
nutritive matters which are the result of the process of 
digestion, traverses the very thin layer of soft and per- 
meable tissue which separates the cavity of the alimentary 
canal from the cavities of the innumerable capillary vessels 
which lie in the walls of that canal, and so enters the 
blood, with which those capillaries are tilled. Whirled 
away by the torrent of the circulation, the blood, thus 
charged with nutritive matter, enters the heart, and is 
thence propelled into the organs of the body. To these 
organs it supplies the nutriment with which it is charged ; 
from them it takes their waste products, and, finally, re- 
turns by the veins, loaded with useless and injurious ex- 
cretions, which sooner or later take the form of water, 
carbonic acid, and urea. 

23. These excretionary matters are separated from the 
blood by the excretory or^cms, of which there are three — 
the skin, the lungs, and the kidneys. 

Different as these organs may be in appearance, they 
are constructed upon one and the same principle. Each, 
in ultimate analysis, consists of a very thin sheet of tissue, 
like so much delicate blotting-paper, the one face of which 
is free, or lines a cavity in communication with the ex- 
terior of the body, while the other is in contact with the 
• blood which has to be purified. 

The excreted matters are, as it were, strained from the 
blood, through this delicate layer of filtering-tissue, and 
on to its free surface, whence they make their escape. 

Each of these organs is especially concerned in the 
elimination of one of the chief waste products — ^water, 
carbonic acid, and urea — though it may at the same time 
be a means of escape for the others. Thus the lungs are 
especially busied in getting rid of carbonic acid, but at 
the same time they give off a good deal of water. The 
duty of the kidneys is to excrete urea (together with other 
saline matters), but at the same time they pass away a 
large quantity of water and a trifling amount of carbonic 
" acid ; while the skin gives off much water, some amount 
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the working of the heart is properly adjusted and the 
cahbres of the distributing pipes are regulated, so as in- 
directly to govern the excretory and combustive processes. 
And these are more directly affected by other actions ol 
the nervous system. 

26. The various functions which have been thus briefly 
indicated constitute the greater part of what are called 
the vital actions of the human body, and, so long as they 
are performed, the body is said to possess life. The ces- 
sation of the performance of these functions is what is 
ordinarily called death. 

But there are really several kinds of death, which may, 
in the first place, be distinguished from one another undei 
the two heads of local and of general death. 

27. L^cal death is going on at every moment, and lE 
most, if not in all, parts of the living body. Individual 
cells of the epidermis and of the epithelium are inces- 
santly dying and being cast off, to be replaced by others 
which are, as constantly, coming into separate existence 
The like is true of blood- corpuscles, and probably of many 
other elements of the tissues. 

This form of .local death is insensible to ourselves, and 
is essential to the due maintenance of life. But, occa- 
sionally, local death occurs on a larger scale, as the re- 
sult of injury, or as the consequence of disease. A burn 
for example, may suddenly kill more or less of the skin 
or part of the tissues of the skin may die, as in the cast 
of the slough which lies in the midst of a boil ; or « 
whole limb may die, and exhibit the strange phenomens 
of mortification. 

The local death of some tissues is followed by theii 
regeneration. Not only all the forms of epidermis anc 
epithelium, but ner\'e, connective tissue, bone, and, a 
any rate, some muscles, may be thus reproduced, even or 
a large scale. Cartilage once destroyed is said not to b< 
restored. 

28. General death is of two kinds, death of the body a, 
a ivholcy and death of the tissues. By the former term i: 
implied the absolute cessation of the functions of th« 

brain, of the circulatory, and of the respXTaXox^ cst^iaxv^ 

by tAe latter, the entire disappearaT^ce o^ \YveV\\.?\^cM\^ 

o/* tbe ultimate structural consUtueivU ol x3tv^ '^^ 
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When death takes place, the body, as a whole, dies first, 
the death of the tissues sometimes not occurring until 
after a considerable interval. 

Hence it is that, for some little time after what is ordi- 
narily called death, the muscles of an executed criminal 
may be made to contract by the application of proper 
stimuli. The muscles are not dead, though the man is. 

29. The modes in which death is brought about appear 
at first sight to be extremely varied. We speak of natural 
death by old age, or by some of the endless forms of dis- 
ease ; of violent death by starvation, or by the innumer- 
able varieties of injury, or poison. But, in reality, the 
immediate cause of death is always the stoppage of the 
functions of one of three organs ; the cerebro-spinal ner- 
vous centre, the lungs, or the heart. Thus, a man may 
be instantly killed by such an injury to a part of the brain 
which is called the medulla oblongata (see Lesson XL) 
as may be produced by hanging, or breaking the neck. 

Or death may be the immediate result of suffocation 
by strangulation, smothering, or drowning, — or, in other 
words, of stoppage of the respiratory functions. 

Or, finally, death ensues at once when the heart ceases 
to propel blood. These three organs -the brain, the 
lungs, and the heart — have been fancifully termed the 
tripod of life. 

In ultimate analysis, however, life has but two legs to 
stand upon, the lungs and the heart, for death through 
the brain is always the effect of the secondary action of 
the injury to that organ upon the lungs or the heart. The 
functions of the brain cease, when either respiration or 
circulation is at an end. But if circulation and respira- 
tion a'-e kept up artificially, the brain may be removed 
without causing death. On the other hand, if the blood 
be not aerated, its circulation by the heart cannot pre- 
serve life ; and, if the circulation be at an end, mere 
aeration of the blood in the lungs is equally ineffectual 
for the prevention of death. 

30. With the cessation of life, the everyday forces of 
the inorganic world no longer remain the servants of the 
bodily frame, as they were during life, bvit \i^c.^\sve. >N.'5» 
masters. Oxygen, the sweeper oi X\ve \vjm<^ cyc^^cw^w^^ 
becomes the lord of the dead body. Kxoxcv \>^ ^vorKv,-^^ 

C 2 
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complex molecules of the tissues are taken to pFeces and 
reduced to simpler and more oxidized substances, until 
the soft paits are dissipated chiefly in the form of car- 
bonic acid, ammonia, water, and soluble salts, and the 
bones and teeth alone remain. But not even these dense 
and earthy structures are competent to offer a permanent 
resistance to water and air. Sooner or later the animal 
basis which holds together the earthy salts decomposes 
and dissolves — the solid structures become friable, and 
break down into powder. Finally, they dissolve and are 
diffused among the waters of the surface of the globe, 
just as the gaseous products of decomposition are dissi- 
pated through its atmosphere. 

It is impossible to follow, with any degree of certainty, 
wanderings more varied and more extensive than those 
imagined by the ancient sages who held the doctrine oi 
transmigration ; but the chances are, that sooner or later, 
some, if not all, of the scattered atoms will be gathered 
into new forms of life. 

The sun's rays, acting through the vegetable worW, 
build up some of the wandering molecules of carbonic 
acid, of water, of ammonia, and of salts, into the fabric 
of plants. The plants are devoured by animals, animals 
devour one another, man devours both plants and othei 
animals ; and hence it is very possible that atoms which 
once formed an integral part of the busy brain of Julius 
Caesar may now enter into the composition of Caesar the 
negro in Alabama, and of Caesar the house-dog in an 
English homestead. 

And thus there is sober truth in the words which Shake- 
speare puts into the mouth of Hamlet — 

** Imperial Csesar, dead and turned to clay, 
Might stop a hole to keep the cold away : 
Oh that that earth, which kept the world in awe» 
Should patch a wall, t' expel the winter's flaw !" 
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LESSON II. 
THE VASCULAR SYSTEM' AND THE CIRCULATION. 

I. Almost all pans of the body are vascular j that is 
to say, they are traversed by minute and very close-set 
canals, which open into one another so as to constitute a 
small-meshed network, and confer upon these parts a 
spongy texture. The canals, or rather tubes, are pro- 
vided with distinct but very delicate walls, composed of 
a structureless membrane (Fig. 3 A, a), in which at inter- 
vals small oval bodies (Fig. 3 A, b), termed nuclei (see 
Lesson XII. § 2), are imbedded. 

These tubes are the capillaries. They vary in diameter 
from ifir<n)th to ii^y^th of an inch ; they are sometimes 
disposed in loops, sometimes in long, sometimes in wide, 
sometimes in narrow meshes : and the diameters of these 
meshes, or, in other words, the interspaces between the 
capillaries, are sometimes hardly wider than the diameter 
of a capillary, sometimes many times as wide (see Figs. 16, 
20, 32, 33, and 37). These interspaces are occupied by 
the substance of the tissue which the capillaries per- 
meate (Fig. 3 A, r), so that the ultimate anatomical 
components of every part of the body are, strictly speak- 
ing, outside the vessels, or extra-vascular. 

But there are certain parts which, in another and 
broader sense, are also said to be extra- vascular or non- 
vascular. These are the epidermis and epithelium, the 
nails and hairs, the substance oi lYi^ t^e>Ccv, ^xv^ n^^ ^'^- 
tUages ; which may and do altam. -d. vex^ cQt^^\^^'^'J^^'^ 
thickness or Jength, and yet coivtam xvo ves»%€Ns», ^^^" 
ever, as we have seen that a\\ the Ussw^s ^x^ x^-aJ^^ ^^^^"^ 
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vascular, these differ only in degree from the rest. The 
circumsUnce that all the tissues are outside the vessels 
by no means interferes with their being bathed by the 
fluid which is inside the vessels. In fact, the walls of the 




m ; i, the so-aired bjkscment membr? 



capillaries are so exceedingly thin that their fluid contents 

readily exude through the delicate membrane of which 

they are composed, and irrigate the tissues in which they 

Ji'e. 

3. Of (Jbe capillary tubes thus descnbed, o'wi^Tii.M««- 

t^ns, during life, the red flmd, blood, *^\\e G^e cfCaci^ wt 

"«™ ivjtfa a pale, watery, or xcvSxs ftvivd, \ertneA lymfh 

w-r^/fe The capillaries, whicYi couiam \.\wA,«e w^ 
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traction may go so far as, in some cases, to reduce the 
cavity of the vessel almost to nothing, and to render it 
practically impervious. 

The state of contraction of these muscles of the small 
arteries and veins is regulated, like that of other muscles, 
by their nerves ; or, in other words, the nerves supplied 
to the vessels determine whether the passage through these 
tubes should be wide and free, or narrow and obstructed. 
Thus while the small arteries and veins lose the function, 
which the capillaries possess, of directly irrigating the 
tissues by transudation, they gain that of regulating the 
supply of fluid to the irrigators, or capillaries themselves. 
The contraction, or dilatation, of the arteries which supply 
a set of capillaries, comes to the same result as lowering 
or raising the sluice-gates of a system of irrigation-canals. 

3. The smaller arteries and veins severally unite into, 
or are branches of, larger arterial or venous trunks, which 
again spring from or unite into still larger ones, and these, 
at length, communicate by a few principal arterial and 
venous trunks with the heart. 

The smallest arteries and veins, as we have seen, are 
similar in structure, but the larger arteries and veins difft r 
widely ; for the larger arteries have walls so thick and 
stout that they do not sink together when empty ; and 
this thickness and stoutness arises from the circumstance 
that not only is the muscular coat very thick, but that, 
in addition, and more especially, several layers of a highly 
elastic, strong, fibrous substance become mixed up with 
the muscular layers. Thus, when a large artery is pulled 
out and let go, it stretches and returns to its primitive 
dimensions almost like a piece of india-rubber. 

The larger veins, on the other hand, contain but little 
of either elastic or muscular tissue. Hence, their walls 
are thin, and they collapse when empty. 

This is one great difference between the larger arteries 
and the veins ; the other is the presence of what are 
termed valves in a great many of the veins, especially in 
those which lie in muscular parts of the body. They are 
absent In the largest trunks, and \n the sm^W^^xXyc^jccvOsv^^ 
and in all the divisions of the portaX, ^\]\TWiTv^T>j , ^tv^ 
cerebral veins. 
4- These valves are pouch-like folds of tVe 'mxve^ >«i^ 
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The only arteries which possess valves are the primary 
trunks— the aorta and pulmonary artery— which spring 
from the hean, and they will be best 
considered with the latter organ. 

5. Besides the capillary network and 
the trunks connected with it, which 
constitute the blood- vascular system, 
all parts of the body which possess 
blood capillaries — except the brain 
and spinal cord, the eyeball, the 
gristles, tendons, and perhaps the 
bones' — also contain another set of 
what are termed lymphatic capilla- 
ries, mixed up with those of the blood- 
vascular system, but not directly com- 
municating with them, and, in addi- 
tion, differing from the blood capilla- 
ries in being connected with larger 
vessels of only one kind. That is to 
say, they open only into trunks which 
carry fluid away from them, there 
being no large vessels which bring 
anything to them. 

These trunks further resemble the 
small veins in being abundantly pro- 
vided wjih valves which freely allow 
of the passage of liquid from the lym- 
phatic capillaries, but obstruct the 
Fio. s.— Thr l.vMPiM- ilow of anything the other way. But 
TlcsJll'^HEFHO^TOF^^]e lymphatlc trunks differ from the 
THB icHT KH ycins, lu that thev do not rapldlv uwitc 
'^llJS>^"L'lh!l^''a"into larger and larger trunks, which 
HHiioiniFscaUed. These present a continually increasing cali- 
^nrHam not 10 be ^re, and allow of a ilow without inter- 

cinfouDded wiLh net- ', ^ .1 » 

tmiga«s/ia. Tuption to the heart. 

On the contrary, remaining nearly 

of the same size, they, at intervals, enter and ramify in 

rounded bodies called lymphatic glands^ whence new 

lymphatic trunks arise (Fig. SV Vti *esc ^tvis ■&» 

I ' {' '* prob»bU that ihtK exceptions are a^V"*"^ "'**" **■" '"^''~ 
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lymphatic capillaries and passages are closely interlaced 
with blood capillaries. 

Sooner or later, however, the great majority of the 
smaller lymphatic trunks pour their contents into a tube, 
which is about as large as a crow-quill, lies in front of the 
backbone, and is called the thoracic duct. This opens at 
the root of the neck into the conjoined trunks of the great 
veins which bring back the blood from the left side of the 
head and the left arm (Fig. 6). The remaining lym- 
phatics are connected by a common canal with the corre- 
sponding vein on the right side. 

Where the principal trunks of the lymphatic system 
open into the veins, valves are placed, which allow of the 
passage of fluid only from the lymphatic to the vein. 
Thus the lymphatic vessels are, as it were, a part of the 
venous system, though, by reason of these valves, the 
fluid which is contained in the veins cannot get into the 
lymphatics. On the other hand, every facility is afforded 
for the passage into the veins of the fluid contained in the 
lymphatics. Indeed, in consequence of the numerous 
valves in the lymphatics, every pressure on, and contrac- 
tion of, their walls, not being able to send the fluid back- 
ward, must drive it more or less forward, towards the 
veins. 

6. The lower part of the thoracic duct is dilated, and 
is termed the receptacle^ or cistern^ of the chyle {a, Fig. 6). 
In fact, it receives the lymphatics of the intestines, which, 
though they differ in no essential respect from other lym- 
phatics, are called lacteals, because, after a meal con- 
taining much fatty matter, they are filled with a milky 
fluid, which is termed the chj/le. The lacteals, or lym- 
phatics of the small intestine, not only form networks id 
Its walls, but send blind prolongations into the little 
velvety processes termed vtllt\ with which the mucous 
membrane of that intestine is beset (see Lesson VI.). The 
trunks which open into the network lie in the mesentery 
(or membrane which suspends the small intestine to 
the back wall of the abdomen), and the glands through 
which these trunks lead are heivce twrat^ x3aa mesenteric 

7. It will now be desirable to taVe a ^exv^aX vv«^ ^S.;^ 
arrangement of all these differenl vesse\^, axt^ ^^^ ^^''S 
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The walls of the auricles are much thinner than those 
of the ventricles. The wall of the left ventricle is much 
thicker than that of the right ventricle ; but no such 
difference is perceptible between the two auricles (Figs. 
II and 12, I and 3). 

9. In fact, as we shall see, the ventricles have more 
work to do than the auricles, and the left ventricle more 
to do than the right. Hence the ventricles have more 
muscular substance than the auricles, and the left ventricle 
than the right ; and it is this excess of muscular substance 
which gives rise to the excess of thickness observed in the 
left ventricle. 

The muscular fibres of the heart are not smooth, nu- 
cleated bands, like those of the vessels, but are bundles 
of transversely-striped fibres, and resemble those of the 
chief muscles of the body, except that they have no sheath, 
or sarcoleimna, such as we shall find to exist in the latter. 

Almost the whole mass of the heart is made up of 
these muscular fibres, which have a very remarkable and 
complex arrangement. There is, however, an internal 
membranous and epithelial lining, called the endocar- 
diiun; and at the junction between the auricles and 
ventricles, the apertures of communication between their 
cavities, called the aiirictilo-ventricular* apertures^ are 
strengthened by fibrous rings. To these rings the move- 
able partitions, or valves, between the auricles and 
ventricles, the arrangement of which must next be con- 
sidered, are attached. 

10. There are three of these partitions attached to the 
circumference of the right auriculo-ventricular aperture, 
and two to that of the left (Figs. 11, 12, 13, 14, tv, m v). 
Each is a broad, thin, but very tough and strong trian- 
gular fold of the endocardium, attached by its base, which 
joins on to its fellow, to the auriculo-ventricular fibrous 
ring ; and hanging with its point downwards into the ven- 
tricular cavity. On the right side there are, therefore, 
three of these broad, pointed membranes, whence the 
whole apparatus is called the tricuspid valve. On the 

left side, there are but two, which, wVveiv detached from 
3JI their connexions but the auriculo-venlncvAax fvTv«g,,\a^ 
something like a bishop's mitre, and Yvence Xicaix X\vft xvastsfc 
«^ the m//ra/ 2/a/ve. 
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The edges and apices of the valves are not completely 
free and loose. On the contrary, a number of fine, but 
strong, tendinous cords, called chordce tendinea^ connect 
them with some column-like elevations of the fleshy sub- 
stance of the walls of the ventricle, which are termed 
papillary muscles (Figs, ii and 12,^); similar column- 
like elevations of the walls of the ventricles, but having 
no chordce tendinece attached to them, are called columncs 
carnecB, 

It follows, from this arrangement, that the valves 
oppose no obstacle to the passage of fluid from the 
auricles to the ventricles ; but if any should be forced 
the other way, it will at once get between the valve and 
the wall of the heart, and drive the valve backwards and 
upwards. Partly because they soon meet in the middle 
and oppose one another's action, and partly because the 
chordce tendinece hold their edges and prevent them from 
going back too far, the valves, thus forced back, give rise 
to the formation of a complete transverse partition be- 
tween the ventricle and the auricle, through which no fluid 
can pass. 

Where the aorta opens into the left ventricle and where 
the pulmonary artery opens into the right ventricle, 
another valvular apparatus is placed, consisting in each 
case of three pouch-like valves, called the semilunar 
valves (Fig. 1 1, s,v,\ Figs. 13 and 14,^^. /'.^.), which are 
similar to those of the veins. But as they are placed 
on the same level and meet in the middle line, they com- 
pletely stop the passage when any fluid is forced along 
the artery towards the heart. On the other hand, these 
valves flap back and allow any fluid to pass from the 
heart into the artery, with the utmost readiness. 

The action of the auriculo-ventricular valves may be 
demonstrated with great ease on a sheep's heart, in which 
the aorta and pulmonary artery have been tied and the 
greater part of the auricles cut away, by pouring water 
into the ventricles through the auriculo-ventricular aper- 
ture. The tricuspid and mitral valves then usually 
become closed by the upward ptessuxc of the water 
which gets behind them. Or, if the \exvu\c\^s\i^ x\eaA>^ 
ailed, the valves may be made to come to^exVvet ^\- w.^^ 
'^r genay squeezing the ventricles. In WVe maxvtv^x , \^ ^^ 
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veins, and the great proportion will pass into and distend 
the ventricles. As the ventricles fill and begin to resist 
further distension, the blood, getting behind the auriculo- 
ventricular valves, will push them towards' one another, 
and almost shut them. The auricles now cease to con- 
tract, and immediately that their walls relax, fresh blood 
flows from the great veins and slowly distends them 
again. 

But the moment the auricular systole is over, the ven- 
tricular systole begins. The walls of each ventricle 
contract vigorously, and the first effect of that contraction 
is to shut the auriculo-ventriculau: valves completely and 
to stop all egress towards the auricle. The pressure upon 
the valves becomes ver}' considerable, and they might 
even be driven upwards, if it were not for the chorda 
tendineos which hold down their edges. 

As the contraction continues and the capacities of the 
ventricles become diminished, the points of the wall of 
the heart to which the chordce Ufidinea are attached ap- 
proach the edges of the valves ; and thus there is a ten- 
dency to allow of a slackening of these cords, which, if 
it really took place, might permit the edges of the valves 
to flap back and so destroy their utility. This tendency^ 
however, is counteracted by the chordce tendinece being 
connected, not directly to the walls of the heart, but to 
those muscular pillars, the papillary muscles, which stand 
out from its substance. These muscular pillars shorten 
at the same time as the substance of the heart contracts ; 
and thus, just so far as the contraction of the walls of the 
ventricles brings the papillary muscles nearer the valves, 
do they, by their own contraction, pull the chordce ten- 
dmecB as tight as before. 

By the means which have now been described, the fluid 
in the ventricle is debarred from passing back into the 
auricle ; the whole force of the contraction of the ventri- 
cular walls is therefore expended in overcoming the resist- 
ance presented by the semilunar valves. This resistance 
has several sources, being the result, partly, of the weight 
of the vertical column of blood whicVv iVve valves support ; 
partly, of the reaction of the distended e\as\A^ vj^U^^ ^sS 
tlie great arteries, and partly, of the frVcXXou ^xvd m^^^ 
of the blood contained in the vessels. 
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It now becomes obvious why the ventricles have so 
much more to do than the auricles, and why valves are 
needed between the auricles and ventricles, while none 
are wanted between the auricles and the veins. 

All that the auricles have to do is to fill the ventricles, 
which offer no active resistance to that process. Hence 
the thinness of the walls of the auricles, and hence the 
needlessness of any auriculo-venous valve, the resistance 
on the side of the ventricle being so insignificant that it 
gives way, at once, before the pressure of the blood in the 
veins. 

On the other hand, the ventricles have to overcome a 
great resistance in order to force fluid into elastic tubes 
which are already full ; and if there were no auriculo- 
ventricular valves, the fluid in the ventricles would meet 
with less obstacle in pushing its way backward into the 
auricles and thence into the veins, than in separating the 
semilunar valves. Hence the necessity, firstly, of the 
auriculo-ventricular valves ; and, secondly, of the thick- 
ness and strength of the walls of the ventricles. And 
since the aorta, systemic arteries, capillaries, and veins 
form a much larger system of tubes, containing more fluid 
and offering more resistance than the pulmonary arteries, 
capillaries, and veins, it follows that the left ventricle 
needs a thicker muscular wall than the right. 

13. Thus, at every systole of the auricles, the ventricles 
are filled and the auricles emptied, the latter being slowly 
refilled by the pressure of the fluid in the great veins, 
which is amply sufficient ta overcome the passive resist- 
ance of the relaxed auricular walls. And, at every systole 
of the ventricles, the arterial systems of the body and 
lungs receive the contents of these ventricles, and the 
nearly emptied ventricles remain ready to be refilled by 
the auricles. 

We must now consider what happens in the arteries. 
When the contents of the ventricles are suddenly forced 
into these tubes (which, it must be recollected, are already 
full), a shock is given to the entire mass of fluid which 
they contain. This shock is propagated almost instanta- 
neously throughout the fluid, becomm^ i^SiAet ^w^ ^-ivc^^x 
in proportion to the increase of the rcvass o^ \X\^\^<^^^ *>^ 
the capillaries, until it finally ceases tob^ ^vsc^rKicJsfc^ 
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If the vessels were tubes of a rigid material, like gas- 
pipes, the fluid which the arteries contain would be trans- 
ported forward as far as this impulse was competent to 
carr)- it, at the same instant as the shock, throughout their 
whole extent. And, as the arteries open into the capillaries, 
the capilhiries into the veins, and these into the heart, a 
quantity of fluid exactly equal to that driven out of the 
ventricles would be returned to the auricles, almost at the 
same moment that the ventricles contract. 

However, the vessels are not rigid, but, on the contrar)', 
very yielding; tubes ; and the great arteries, as we have 
seen, have especially elastic walls. What happens, then, 
when the ventricular systole takes place, is — firstly, the 
production of the general slight and sudden shock already 
mentioned ; and, secondly, the •dilatation of the great 
arteries by the pressure of the increased quantity of blood 
forced into them. 

But, when the systole is over, the force stored up in the 
dilated arterial walls, in the shape of elastic tension, comes 
into play and exerts a pressure on the fluid — the first effect 
of which is to shut the semilunar valves ; the second, to 
drive a certain quantity of the fluid from the larger arte- 
ries along the smaller ones. These it dilates in the same 
fashion* The fluid at length passing into the capillaries^ 
the ejection of a corresponding quantity of fluid from 
them into the veins, and finally from the veins into the 
heart, is the ultimate result of the ventricular systole. 

14. Several of the practical results of the working of 
the heart and arteries just described now become intel- 
ligible. For example, between the fifth and sixth ribs, on 
the left side, a certain movement is perceptible by the 
finger and by the eye, which is known as the beating of 
the heart. It is the result of the striking of the apex of 
the heart against the pericardium, and through it, on the 
inner wall of the chest, at this point, at the moment of the 
systole of the ventricles. When the systole occurs, in 
fact, two things happen : in the first place, as a result of 
the manner in which the muscular fibres of the heart art 
disposed, its apex bends upwards s\\?irpVj \ ^iwd, in the 
second place, its front face is thrown a \\U\t dcwsvv?"w6& 
'-md forwiivds, in consequence of tVve sttelcVvxTi^ ^tv^ ^oj^- 
^////bv? of the aorta by the blood wViicU is W\xovin.vDX^\v. 
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The result of one or other, or both of these actions 
combined, is the upward and forward blow of the apex of 
the heart which we feel. 

15. Secondly, if the ear be applied over the heart, cer- 
tain sounds are heard, which recur with great regularity, 
at intervals corresponding with those between every two 
beats. First comes a longish dull sound ; then a short 
sharp sound ; then a pause ; then the long, then the sharp 
sound, then another pause ; and so on. There are many 
different opinions as to the cause of the first sound, and 
perhaps physiologists are not yet at the bottom of the 
matter ; though the more probable view is, that part of it 
is a muscular sound caused by the contraction of the mus- 
cular fibres of the ventricle, and part is due to the ten- 
sion of the auriculo-ventricular valves ; but the second 
sound is, without doubt, caused by the sudden closure 
of the semilunar valves when the ventricular systole ends. 
That such is the case has been proved experimentally, by 
hooking back the semilunar valves in a living animal, 
when the second sound ceases at once. 

16. Thirdly, if the finger be placed upon an artery, 
such as that at the wrist, what is termed the pulse will be 
felt ; that is to say, the elastic artery dilates somewhat, at 
regular intervals, which answer to the beatings of the 
heart. The pulse which is felt by the finger, however, 
does not correspond precisely with the beat of the heart, 
but takes place a little after it, and the interval is longer 
the greater the distance of the artery from the heart. The 
beat in the artery on the inner side of the ankle, for ex- 
ample, is a little later than the beat of the artery in the 
temple. 

The reason of this is that the sense of touch by finger 
is only delicate enough to distinguish the dilatation of the 
artery by the wave of blood, which is driven along it by 
the elastic reaction of the aorta, and is not competent to 
f»erceive the first shock caused by the systole. But if, 
instead of the fingers, sufficiently delicate levers were 
made to rest upon any two arteries, it would be found 
that the pulse really begins at the same time in both, the 
shock of the systole making itself felt all ovex \.\\^ N'a&^xSS.-zsx. 
system at once ; and that it is onVy \.\v^ ^.eVvsiA ^^•aX^aJCxorsv 
of the arterial walls, which, traveWm^ *m \}tvfc ^ox\xv 's^ ^ 
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wave from the larger to the smaller arteries, takes longer 
to reach and distend the more distant branch. 

17. Fourthly, when an artery is cut, the outflow of the 
fluid which it contains is increased \}y jerks, the intervals 
of which correspond with the intervals of the beats of the 
heart. The cause of this is plainly the same as that of 
the pulse ; the force which would be employed in dis- 
tending the walls of the artery, were the latter entire, is 
spent in jerking the fluid out when the artery is cut. 

18. Fifthly, under ordinary circumstances, the pulse is 
no longer to be detected in the capillaries, or in the veins. 
This arises from several circumstances. One of them is 
that the capacity of the branches of an artery is greater 
than the capacity of its trunk, and the capacity of the 
capillaries, as a whole, is greater than that of all the small 
arteries put together. Hence, supposing the capacity of 
the trunk to be 10, that of its branches $0, and that of 
the capillaries into which these open 100, it is clear that 
a quantity of fluid thrown into the trunk, sufficient to 
dilate it by one-tenth, and to produce a very considerable 
and obvious effect, could not distend each branch by more 
than -gf^th, and each capillary by xJ^th of its volume, an 
effect which might be quite imperceptible. 

19. But this is not all. Did the pulse merely become 
indistinguishable on account of its division and dispersion 
among so many capillaries, it ought to be felt again when 
the blood is once more gathered up into a few large venous 
trunks. But it is not. The pulse is definitely lost at the 
capillaries. There is, under ordinary circumstances, no 
pulse whatever in the veins, except sometimes a backward 
pulse from the heart along the great venous trunks ; but 
this is quite another matter. 

This actual loss, or rather transformation of the pulse, 
is effiected by means of the elasticity of the arterial walls, 
in the following manner. 

In the first place it must be borne in mind that, owing 
to the minute size of the capillaries arid small arteries, the 
amount of friction taking place in their channels when the 
blood is passing through them is very great ; in other 
words, they offer a very great resistance to the passage 
of the blood. 
The consequence of this is, that thie b\ood C2lt«vo\. ^<ex. 
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and the next the distended arteries are narrowing again, 
by virtue of their elasticity, and so are pressing the blood 
on into the capillaries with as much force as they were 
themselves distended by the heart. Then comes another 
beat, and the same process is repeated. At each stroke 
the elastic arteries shelter the capillaries from part of the 
sudden blow, and then quietly and steadily pass on that 
part of the blow to the capillaries during* the interval 
between the strokes. 

The larger the amount of elastic arterial wall thus 
brought into play, i. e. the greater the distance from the 
heart, the greater is the fraction of each heart's stroke 
which is thus converted into a steady elastic pressure 
between the beats. Thus the pulse becomes less and 
less marked thetfarther you go from the heart ; any given 
length of the arterial system, so to speak, being sheltered 
by the lengths between it and the heart. 

Every inch of the arterial system may, in fact, be con-, 
sidered as converting a small fraction of the heart's jerk 
into a steady pressure, and when all these fractions are 
summed up together in the total length of the arterial 
system no trace of the jerk is left. 

As the effect of each systole becomes diminished in 
the smaller vessels by the causes above mentioned, that 
of this constant pressure becomes more obvious, and 
gives rise to a steady passage of the fluid from the ar- 
teries towards the veins. In this way, in fact, the arteries 
perform the same functions as the air-reservoir of a fire- 
engine, which converts the jerking impulse given by the 
pumps into the steady flow of the delivery hose. 

20. Such is the general result of the mechanical condi' 
tions of the organs of the circulation combined with the 
rhythmical activity of the heart. This activity drives the 
fluid contained in these organs out of the heart into the 
arteries, thence to the capillaries, and from them through 
the veins back to the heart. And in the course of these 
operations it gives rise, incidentally, to the beating of the 
. heart, the sounds of the heart, and the pulse. 

It has been found, by experiment, that in the horse it 

t3/res about half a minute for. any suhslaivc^, ^s lot va.- 

stance a chemical body, whose presence *m Ocve \i\oo^ cs 

easj'Jy be recognized, to complete the c\rcu\\., ex. gr. \.o^^ 
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from the jugular vein down through the right side of the 
heart, the lungs, the left side ot the heart, up through the 
arteries of the head and neck, and so back to the jugular 
vein. 

By far the greater portion of this half minute is taken 
up by the passage through the capillaries, where the 
blood moves, it is estimated, at the rate only of about one 
and a half inches in a minute^ whereas through the carotid 
artery of a dog it flies along at the rate of about ten 
inches in a second. 

Of course to complete the circuit of the circulation, a 
blood-corpuscle need not have to go through so much 
as half of an inch of capillaries in either the lungs or any 
of the tissues of the body. ^ 

Inasmuch the force which drives thP blood on is 
(putting the other comparatively slight helps on one 
side) the beat of the heart and that alone, however much 
it may be modified, as we have seen, in character, it is 
obvious that the velocity with which the blood moves 
must be greatest in the aorta and diminish towards the 
capillaries. 

' For with each branching of the arteries the total area 
ctf the arterial system is increased, the total width of the 
capillary tubes if they were all put together side by side 
being very much greater than that of the aorta. Hence 
the blood, or a corpuscle, for instance, of the blood being 
driven by the same force, viz. the heart's beat, over the 
whole body, must pass much more rapidly through the 
aorta than through the capillary system or any part of 
that system. 

It is not that the greater friction in any capillary 
causes the blood to flow more slowly there and there 
only. The resistance caused by the friction in the 
capillaries is thrown back upon the aorta, which 
indeed feels the resistance of the whole vascular 
system ; and it is this total resistance which has to 
be overcome by the heart before the blood can move 
on at all. 

The blood driven everywhere by the same force simply 
moves more and more slov\ly as it passes into wider and 
wider channels. When it is in t\ve c^.^\W^x\^^ \\.y5> '^^^^^vn 
after escaping from the capiWafies, a^ \>[v^,n€\vv% ^^WfeNj^Jy^ 
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larger and larger trunks, and hence as the total venous 
area is getting less and less, the blood moves again faster 
and faster for just the sanie reason that in the arteries it 
moved slower and slower. 

A very similar case is that of a river widening out in a 
plain into a lake and then contracting into a narrow stream 
again. The water is driven by one force throughout (that 
of gravity). The current is much slower in the lake than 
in the narrower river either before or behind. 

21. It is now necessary to trace the exact course of 
the circulation as a whole. And we may conveniently 
commence with the portion of the blood contained at any 
moment in the right auricle. The contraction of the right 
auricle drives that fluid into the right ventricle ; the ven- 
tricle then contracts and forces it into the pulmonary 
artery ; from hence it passes into the capillaries of the 
lungs. Leaving these, it returns by the four pulmonary 
veins to the left auricle ; and the contraction of the left 
auricle drives it into the left ventricle. 

The systole of the left ventricle forces the blood into 
the aorta. The branches of the aorta convey it into 
all parts of the body except the lungs ; and from the 
capillaries of all these parts, except from those of the 
intestines and certain other viscera in the abdomen, 
it is conveyed, by vessels which gradually unite into 
larger and larger trunks, into either the superior or 
the inferior vena cava, which carry it to the right auricle 
once more. 

But the blood brought to the capillaries of the stomach 
and intestines, spleen and pancreas, is gathered into veins 
which unite into a single trunk — the vena portce. The 
vena portae distributes its blood to the liver, mingling 
with that supplied to the capillaries of the same organ by 
the hepatic artery. From these capillaries it is conveyed 
by small veins, which unite into a large trunk — the ' 
hepatic vein, which opens into the inferior vena cava. 
The flow of the blood from the abdominal viscera, 
through the liver, to the hepatic vein, is called the portd 

The heart itself is supplied vAtVi Uoo^ \$^ ^^ x*^ 

iT^n^^uzry ar/eries which spring irom xVie toot ^\!j^^^ 

just ahoypi two of the semilunar valves. TV^ xao(Q(^ \x«k 
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the capillaries of the heart is carried back by the coronary 
vein, not to either vena cava, but 10 the right auricle. The 
opening of the coronary vein is protected by a valve, so 
as to prevent the right auricle Irom driving the venous 
blood which it coritains back into the vessels of the 
heart 

22. Thus, the si or test possible course which any particle 
of the blood can take in order to pass from one side of 
the heart to the other, is to leave the aorta by one of the 
coronary arteries, and return to the right auricle by the 
coronary vein. And in order to pass through the greatest 
possible number of capillaries and return to the point from 
which it started, a particle of blood must leave the heart 
by the aorta and traverse the arteries which supply the 
alimentary canal, spleen, and pancreas. It then enters, 
istly, the capillaries of these organs ; 2ndly, the capillaries 
of the liver ; and, srdly, after passing through the right 
side of the heart, the capillaries of the lungs, from which 
it returns to the left side and eventually to the aorta. 

Furthermore, from what has been said respecting the 
lymphatic system, it follows that any particle of matter 
which enters a lacteal of the intestine, will reach the right 
auricle by the superior cava, after passing through the 
lymph capillaries and channels of sundry lymphatic 
glands ; while anything which enters the adjacent blood 
capillary in the wall of the intestine will reach the right 
auricle by the inferior cava, after passing through the 
blood capillaries of the liver. 

23. It has been shown above (§ 2) that the small 
arteries may be directly affected by the nervous system, 
which controls the state of contraction of their muscular 
walls, and so regulates their calibre. The effect of this 
power of the nervous system is to give it a certain 
control over the circulation in particular spots, and to 
produce such a state of affairs that, although the force of 
the heart and the general condition of the vessels remain 
the same, the state of the circulation may be very dif- 
ferent in different localities. 

Blushing is a purely local modification of the circu- 
lation of this kind, and it will be instructive to co^^yisx 
how SL blush is brought about. Kiv excvoAAoxv— ^wsv^\>xcv^ 
pleasurable, sometimes pamfuV— taNs.es ^sse's.svsi^ o^^ ^a^^ 

¥. 2. 
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mind : thereupon a hot flush is felt, the skin grows red, 
and according to the intensity of the emotion these 
changes are confined to the cheeks only, or extend to the 
" roots of the hair," or " all over." 

What is the cause of these changes ? The blood is a 
red and a hot fluid ; the skin reddens and grows hot, 
because its vessels contain an increased quantity of this 
red and hot fluid ; and its vessels contain more, because 
the small arteries suddenly dilate, the natural moderate 
contraction of their muscles being superseded by a state 
of relaxation. In other words, the action of the nerves 
which cause this muscular contraction is suspended. 

On the other hand, in many people, extreme terror 
causes the skin to grow cold, and the face to appear pale 
and pinched. Under these circumstances, in fact, the 
supply of blood to the skin is greatly diminished, in con- 
sequence of an excessive stimulation of the nerves of the 
small arteries, which causes them to contract and so to 
cut off the supply of blood more or less completely. 

24. That this is the real state of the case may be proved 
experimentally upon rabbits. These animals may be made 
to blush artificially. If, in a rabbit, the sympathetic nerve 
which sends branches to the vessels of the head is cut, ] 
the ear of the rabbit, which is covered by so delicate an 
integument that the changes in its vessels can be readily 
perceived, at once blushes. That is to say, the vessels 
dilate, fill with blood, and the ear becomes red and hot 
The reason of this is, that when the sympathetic is cut, 
the nervous stimulus which is ordinarily sent along its 
branches is interrupted, and the muscles of the small 
vessels, which were slightly contracted, become altogether 
relaxed. 

And now it is quite possible to produce pallor and cold 

in the rabbit's ear. To do this it is only necessary to 

irritate the cut end of the sympathetic which remains 

connected with the vessels. The nerve then becomes 

excited, so that the muscular fibres of the vessels arc 

thrown into a violent state of contraction, which di- 

mJnishes their calibre so much that the blood can hardly 

make its way through them. Coivsec\weYv\\^, \}kv^ ^ax 

becomes pale and cold. 

2S' The practical importance of Oais \ocaV ^wvVt^ 
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exerted by the nervous system is immense. When ex- 
posure to cold gives a man catarrh, or inflammation of 
the lungs, or diarrhoea, or some still more serious affection 
of the abdominal viscera, the disease is brought about 
through the nervous system. The impression made by 
the cold on the skin is conveyed to the nervous centres, 
and so influences the vaso-motor nerves (as the nerves 
which govern the walls of the vessels are called) of the 
organ affected as to cause their partial paralysis, and pro- 
duce that state of congestion (or undue distension of the 
vessels) which so commonly ends in inflammation. (See 
Lesson XI. §15.) 

26. Is the heart, in like manner, under the control of 
the central nervous system ? 

As we all know, it is not under the direct influence of 
the will, but everyone is no less familiar with the fact 
that the actions of the heart are wonderfully affected by 
all forms of emotion. Men and women often faint, and 
have sometimes been killed by sudden and violent joy or 
sorrow ; and when they faint or die in this way, they do 
so because the perturbation of the brain gives rise to a 
s Dmething which arrests the heart as dead as you stop a 
stop-watch with a spring. On the other hand, other emo- 
tions cause that extreme rapidity and violence of action 
which we call palpitation. 

Now there are three sets of nerves in the heart : one 
set are supplied by ganglia, or masses of ner\'e-cells, in 
its substance ; another set come from the sympathetic 
nerve ; a third set are branches of a remarkable nerve, 
which proceeds straight from the brain, and is called the 
pneumogastric nerve. There is every reason to believe 
that the regular rhythmical succession of the ordinary 
contractions of the heart depends upon the ganglia lodged 
in its substance. At any rate, it is certain that these 
movements depend neither on the sympathetic, nor on 
the pneumogastric, since they go on as well when the 
heart is removed from the body. 

In the next place, there is much reason to believe that 
the influence which increases the rapidity of the heart's 
action is exerted through the sympatl:vel\c. 

And lastly, it is quite certain t\val \>\ evxv^>\^x^c^^^^^^ 
arrests the heart's action is suppW^^ \y^ \N^^ v^^^'^^^" 
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obliterate all sensibility, the animal will continue to live, 
and its circulation will go on perfectly well for an inde- 
finite period. The body may be laid open without 
causing pain or other disturbance, and then the heart 
will be observed beating with great regularity. It is 
possible to make the heart move a long index backwards 
and forwards ; and if frog and index are covered with a 
glass shade, the air under which is kept moist, the index 
will vibrate with great steadiness for a couple of days. 

It is easy to adjust to the frog thus prepared a contri- 
vance by which electrical shocks may be sent through 
the pneumogastric nerves, so as to irritate them. The 
moment this is done the index stops dead, and the heart 
will be found quiescent, with relaxed and distended walls. 
After a little time the influence of the pneumogastric 
passes off, the heart recommences its work as vigorously 
as before, and the index vibrates through the same arc as 
formerly. With careful management, this experiment 
may be repeated very many times ; and after every arrest 
by the irritation of the pneumogastric, the heart resumes 
its work. 

28. The evidence that the blood circulates in man, al- 
though perfectly conclusive, is almost all indirect. The 
most important points in the evidence are as follows : — 

In the first place, the disposition and structure of the 
organs of circulation, and more especially the arrange- 
ment of the various valves, will not, as was shown by 
Harvey, permit the blood to flow in any other direction 
than in the one described above. Moreover, we can 
easily with a syringe inject a fluid from the vena cava, for 
instance, through the right side of the heart, the lungs, 
the left side of the heart, the arteries, and capillaries, back 
to the vena cava; but not the other way. In the 
second place, we.know that in the living body the blood is 
continually flowing in the arteries towards the capillaries, 
b)Bcause when an artery is tied, in a living body, it swells 
up- and pulsates on the side of the ligature nearest the 
heai-t, whereas on the other side it becomes empty, and 
the tissues supplied by the artery become pale from the 
want ot a supply of blood to their ca\i\ll^.ne?>. ^o^^^\n.^vv 
we cut a, artery the blood is p\MY\pc:d CiwX. vcv V^*^ \\w«^ 
the cut en^ nearest the heart, \sV.e\ctiLS \\X\^ ^\ ^o XJss^^^ 
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look like a mixture of excessively fine yellowish-red par- 
ticles, like sand, or dust, with a watery, almost colourless, 
fluid. Immediately after the blood is drawn, the particles 
will appear to be scattered very evenly through the fluid, 
but by degrees they aggregate into minute patches, and 
the layer of blood becomes more or less spotty. 

The "particles" are what are termed the corpuscles 
of the blood ; the nearly colourless fluid in which they 
are suspended is iht plasma. 

The second slide may now be examined. The drop of 
blood will be unaltered in form, and may perhaps seem to 
have undergone no change. But if the slide be inclined, 
it will be found that the drop no longer flows ; and, indeed, 
the slide may be inverted without the disturbance of the 
drop, which has become solidified, and may be removed, 
with the point of a penknife, as a gelatinous mass. The 
mass is quite soft and moist, so that this setting, or coagu- 
lation^ of a drop of blood is something very different froni 
its drying. 

On the third slide, this process of coagulation will be 
found not to have taken place, the blood remaining as 
fluid as it was when it left the body. The salt, therefore, 
has prevented the coagulation of the blood. Thus this 
very simple investigation teaches that blood is composed 
of a nearly colourless plasma, in which many coloured 
corpuscles are suspended ; that it has a remarkable power 
of coagulating ; and that this coagulation may be pre- 
vented by artificial means, such as the addition of salt. 

3. If, instead of using the hand lens, the drop of blood 
on the first slide be placed under the microscope, the par- 
ticles, or corpuscles, of the blood will be found to be 
bodies with very definite characters, and of two kinds, 
called respectively the red corpuscles and the colourless 
corpuscles. The former are much more numerous than 
the latter, and have a yellowish- red tinge ; while the 
latter, somewhat larger than the red corpuscles, are, as 
their name implies, pale and devoid of coloration. 

4. The corpuscles differ also in other and more important 
respects. The red corpuscles (Fig. 1 7) are flattened circular 
disks, on an average jjpW^^ ^^ ^liv \ivc\v m ^vaxsseXfcx^'axv^ 
having about one-fourtn of that thVcki^^ss. \\. ^O^ows^ ^"^^ 

rather more than 10,000,000 of thcra m\\.\\<i ^^^ "^ 'a.^^^^'^ 
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corpuscles than the irregularity of their form is the 
unceasing variation of shape which they exhibit. The 
foim of a red corpuscle is changed only by influences 
from without, such as pressure, or the like ; that of the 
colourless corpuscle is undergoing constant alteration, as 
the result of changes taking place in its own substance. 
To see these changes well, a microscope with a magni- 
fying power of five or six hundred diameters is requisite : 
and, even then, they are so gradual that the best way 
10 ascertain their existence is to make a drawing of a 
given colourless corpuscle at intervals of a minute or 
two. This is what has been done with the corpuscle 
represented in Fig. i8, in which a represents the form of 
the corpuscle when first observed ; ^, its form a minute 
afterwards ; c^ that at the end of the second ; //, that at 
the end of the third ; and e^ that at the end of the fifth 
minute. 







tjb b C d -^ 

Fig. i8. — Successive Forms assumed by Colourless Corpuscles of 
Human Blood. (Magnified about 600 diameters.) 

The interval between the forms tf , ^, r, d was a minute ; between d and e two 
minutes ; so that the whole series of changes from aXae took five minutes. 

Careful watching of a colourless corpuscle, in fact, 
shows that every part of its surface is constantly chang- 
ing — undergoing active contraction, or being passively 
dilated by the contraction of other parts. It exhibits 
contractility in its lowest and most primitive form. 

6. While they are thus living and active, no correct 
notion can be formed of the structure of the colourless 
corpuscles. By diluting the blood with water, or, still 
better, with water acidulated with acetic acid, the cor- 
puscles are ViiWed.^ and become distended, so that their 
real nature is shown. They are lYvetv s^tiv \.o be sphe- 
roidal bags, or sacs, with very tTa\ti v^aWs ; aiv^ Xo caxcvalx^ 
yn their interior a fluid which is either cVeax ot ^\^xy.\\^\, 
^o^ether with a spheroidal vesicular \>od^, vihXOtvXs ^^^^^^^li 
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tion, which are of very great importance, cannot be 
properly understood until the behaviour of the blood, 
when drawn in larger quantity than a drop, has been 
studied. 

11. When, by the ordinary process of opening a vein 
with a lancet, a quantity of blood is collected into a basin, 
it is at first perfectly fluid : but in a very few minutes it 
becomes, through coagulation, a jelly-like mass, so solid 
that the basin may be turned upside down without any of 
the blood being spilt. At first the clot is a uniform red 
jelly, but very soon drops of a clear yellowish watery- 
looking fluid make their appearance on the surface of the 
clot, and on the sides of the basin. These drops increase 
in number, and run together, and after a while it has 
become apparent that the originally uniform jelly has 
separated into two very different constituents — the one a 
clear, yellowish liquid ; the other a red, semi-solid mass, 
which lies in the liquid, and at the surface is paler in 
colour and firmer than in its deeper part. 

The liquid is called t)\Q serum; the semi-solid mass the 
clot, or crassamentum. Now the clot obviously contains 
the corpuscles of the blood, bound together by some 
other substance ; and this last, if a small part of the clot 
be examined microscopically, will be found to be that 
fibrous-looking matter, fibrin^ which has been seen form- 
ing in the thin layer of blood. Thus the clot is equiva- 
lent to the corpuscles //«j the fibrin of the plasmn, while 
the serum is the plasma minus the fibrinous elements 
which it contained. 

12. The corpuscles of the blood are slightly heavier 
than the plasma, and therefore, when the blood is drawn, 
they sink very slowly towards the bottom. Hence the 
upper part of the clot contains fewer corpuscles, and is 
lighter in colour, than the lower part— there being fewer 
corpuscles left in the upper layer of plasma for the 
fibrin to catch Avhen it sets. And there are some con- 
ditions of the blood in which the corpuscles run together 
much more rapidly and in denser masses than usual. 
Hence they more readily overcome the resistance of the 
plasma to their falling, just as feathers stuck together in 
masses iaW much more rapidly through the air than the 

same feathers whtn loose. When this is the case, the 



•68 ELEMENTARY PHYSIOLOGY, [less. 

the body ; and, so long as it remains alive, the blood con- 
tained in it will not coagulate, though, if a portion of the 
same blood be removed from the heart, it will coagulate in 
a few minutes. 

Blood taken from the body of the turtle, and kept from 
coagulating by cold for some time, may be poured into 
the separated, but still living, heart, and then will not 
coagulate. 

Freshly deposited fibrin acts somewhat like living 
matter, coagulable blood remaining fluid for a long time 
in tubes coated with such fibrin. 

14. The coagulation of the blood is an altogether 
physico-chemical process, dependent upon the properties 
of certain of the constituents of the plasma, apart from 
the vitality of that fluid. This is proved by the fact that 
if blood-plasma be prevented from coagulating by cold, 
and greatly diluted, a current of carbonic acid passed 
through it will throw down a white powdery substance. 
If this white substance be dissolved in a weak solution of 
common salt, or in an extremely weak solution of potash 
or soda, it, after a while, coagulates, and yields a clot of 
true pure fibrin. It would be absurd to suppose that a 
substance which has been precipitated from its solution, 
and redissolved, still remains alive. 

There are reasons for believing that this white sub- 
stance consists of two constituents of very similar com- 
position, which exist separately in hving blood, and the 
union of which is the cause of the act of coagulation. 
These reasons may be briefly stated thus :— The peri- 
cardium and other serous cavities in the body contain a 
clear fluid, which has exuded from the blood-vessels, and 
contains the elements of the blood without the blood- 
corpuscles. This fluid sometimes coagulates spon- 
taneously, ajs the blood plasma would do, but very often 
shows no disposition to spontaneous coagulation. When 
this is the case, it may nevertheless be made to coagulate, 
and yield a true fibrinous clot, by adding to it a little 
serum of blood. 

Now, if serum of blood be largely diluted with water 

and a current of carbonic acid be gas passed through it, 

a white powdery substance will be thrown down ; this, 

redissolved in a dilute saline, or extremely dilute alkaline, 
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vessel, and pericardial fluid in another, for an indefinite 
period, if spontaneous decomposition be prevented, with- 
out the coagulation of either. But let them be mixed, and 
coagulation sets in. * 

Thus it seems to be clear, that the coagulation of the 
blood, and the formation of fibrin, are caused primarily 
by the interaction of two substances (or two modifications 
of the same substance), globulin or Jibrinoplastin and 
fibrinogen^ the former of which may be obtained from the 
serum of the blood, and from some tissues of the body ; 
. while the latter is known, at present, only in the plasma 
of the blood, of the lymph, and of the chyle, and in fluids 
derived from them. 

15. The proverb that "blood is thicker than water" is 
literally true, as the blood is not only " thickened " by the 
corpuscles, of which it has been calculated that no fewer 
than 70,000,000,000 (eighty times the number of the human 
population of the globe) are contained in a cubic inch, 
but is rendered slightly viscid by the solid matters dis- 
solved in the plasma. The blood is thus rendered heavier 
than water, its specific gravity being about 1055. In other 
words, twenty cubic inches of blood have about the same 
weight as twenty-one cubic inches of water. 

The corpuscles are heavier than the plasma, and their 
volume is usually somewhat less than that of the plasma. 
Of colourless corpuscles there are usually not more than 
three or four for every thousand of red corpuscles ; but 
the number varies very much, increasing shortly after 
food is taken, and diminishing in the intervals between 
meals. 

The blood is hot, its temperature being about 100'^ 
Fahrenheit. 

16. Considered chemically, the blood is an alkaline 
fluid, consisting of water, of solid and of gaseous matters. 

The proportions of these several constitutents var)- 
according to age, sex, and condition, but the following 
statement holds good on the average : — 

In every 100 parts of the blood there are 79 parts of 

water and 21 parts of dry solids ; in other words, the 

^ater and the solids of the blood stand to one another in 

nbout the same proportion as the nitrogetv and the oxygen 

or the air. Roughly speaking, one quarlei ol xltv^ '^•^ici^ 
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containing a large proportion of the fats and phosphates, 
all the iron, and almost all the potash, of the blood ; 
while the plasma, on the other hand, contains by far the 
greater part of the chlorine and the soda. 

17. The blood of adults contains a larger proportion of 
solid constituents than that of children, and that of men 
more than that of women ; but the difference of sex is 
hardly at all exhibited by persons of flabby, or what is 
called lymphatic, constitution. 

Animal diet tends to increase the quantity of the red 
corpuscles ; a vegetable diet and abstinence to diminish 
them. Bleeding exercises the same influence in a still 
more marked degree, the quantity of red corpuscles being 
diminished thereby in a much greater proportion than 
that of the other solid constituents of the blood. 

18. The total quantity of blood contained in the body 
varies at different times, and the precise ascertainment of 
its amount is very difficult. It may probably be esti- 
mated, on the average, at not less than one-thirteenth of 

' the weight of the body. 

19. The function oif the blood is to supply nourishment 
to, and take away waste matters from, all parts of the 
body. It is absolutely essential to the life of every part 
of the body that it should be in such relation with a cur- 
rent of blood, that matters can pass freely from the blood 
to it, and from it to the blood, by transudation through 
the walls of the vessels in which the blood is contained. 
And this vivifying influence depends upon the corpuscles 
of the blood. The proof of these statements lies in the 
following experiments : — If the vessels of a limb of a 
living animal be tied in such a manner as to cut off the 
supply of blood from the limb, without affecting it in any 
other way, all the symptoms of death will set in. The 
limb will grow pale and cold, it will lose its sensibiHty, 
and volition will no longer have power over it ; it will 
stiffen, and eventually mortify and decompose. 

But, even when the death stiffening has begun to set in, 

if the ligatures be removed, and the blood be allowed to 

flow into the limb, the stiffening speedily ceases, the tem- 

/>erature of the part rises, the sensibility of the skin re- 

turns, the will regains power over the muscles, and, in 

shortj the part returns to its normal condiliotv. 
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LESSON IV. 

RESPIRA TIOI^. 



T. The blood, the general nature and properties of 
which have been described in the preceding Lesson, is 
the highly complex product, not of any one organ or con- 
stituent of the body, but of all. Many of its features are 
doubtless given to it by its intrinsic and proper structuiral 
elements, the corpuscles ; but the general character of 
the blood is also profoundly affected by the circumstance 
that every other part of the body takes something from 
the blood and pours something into it. The blood may 
be compared to a river, the nature of the contents of 
which is largely determined by that of the head waters, 
and by that of the animals which swim in it ; but which 
is also very much affected by the soil over which it 
flows, by the water-weeds which cover its banks, and 
by affluents from distant regions ; by irrigation works 
which are supplied from it, and by drain-pipes which 
flow into it. 

2. One of the most remarkable and important of the 
changes effected in the blood is that which results, in 
most parts of the body, from its simply passing through 
capillaries, or, in other words, through vessels the walls 
of which are thin enough to permit a free exchange be- 
tween the blood and the fluids which permeate the adja- 
cent tissues (Lesson IL § i). 

Thus, if blood be taken from the artery which supplies 

3 limb, it win be found to have a bright scarlet colour ; 

tv^/7e blood drawn, at the same time, from iVve vein of the 

///nb, will be of a purplish hue, so dark lYvaX \\. \s cq\>\- 
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It is known (a) that gases, mechanically held by a fluid 
in a given proportion, tend to diffuse into any atmosphere 
to which they are exposed, until they occupy that atmo- 
sphere in corresponding proportions ; and (b) that gases 
separated by a dry porous partition, or simply in contact, 
diffuse into one another with a rapidity which is inversely 
proportioned to the square roots of their densities. A 
knowledge of these physical principles does, in a rough 
way, lead us to see how the gases contained in the blood 
may effect an exchange with those in the air, whether the 
blood be freely exposed, or enclosed in a membrane. 

But the application of these principles gives no more 
than this sort of general insight. For, in the first place, 
when arterialization takes place through the walls of a 
bladder, or any other thin animal membrane, the matter 
is complicated by the circumstance that moisture dissolves 
carbonic acid far more freely than it will oxygen ; hence 
a wet bladder has a very different action upon carbonic 
acid from that which it has upon oxygen. A moist 
bladder, partially filled with oxygen, and suspended in 
carbonic acid gas, becomes rapidly distended, in con- 
sequence of the carbonic acid gas passing into it with 
much greater rapidity than the oxygen passes out. 
Secondly, the gases of the blood are not held in a 
merely mechanical way in it ; the oxygen seems to be 
loosely combined with the red corpuscles (Lesson III. 
§ 1 6), and there is reason to think that a great part, at 
least, of the carbonic acid, is chemically connected, in a 
similarly loose way, with certain saline constituents of 
the serum. Hence the arterialization of blood in the 
lungs seems to be a very mixed process, partly physical, 
and yet, to a certain extent chemical, and consequently 
very difficult to analyse. 

The same may also be said of the change from arterial 
to venous blood in the tissues. Owing to the peculiar 
relation of oxygen to the red blood-corpuscles, the process 
which takes place in the tissues is not a simple inter- 
change by diffusion of the oxygen of the blood for the 
carbonic acid of the tissues ; on the contrary, the oxygen 
j's given up for purposes of oxidation, the demand being 
determined by the supply of oxidizable materials in the 
tissue, while the blood, poor in carbonic olcvA, \akea w^^ 
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oxygen, has a scarlet colour, while a solution of haemo- 
globin, deprived of oxygen, has a purplish hue. Hence 
arterial blood, in which the haemoglobin is richly pro- 
vided with oxygen, would naturally be scarlet^ while 
venous blood, which not only contains an excess of car- 
bonic acid, but whose haemoglobin also has lost a great 
deal of its oxygen, would be purple. 

6. Whatever may be their explanation, however, the 
facts are certain (i), that arterial blood, separated by 
only a thin membrane from carbonic acid, or from a fluid 
containing a greater amount of carbonic acid than itself, 
and also carrying certain oxidizable materials, becomes 
venous ; and (2) that venous blood, separated by only a 
thin membrane from oxygen, or a fluid containing a 
greater proportion of free oxygen, than itself, becomes 
arterial. 

In these facts lies the explanation of the conversion of 
scarlet blood into dark blood as it passes through the 
capillaries of the body, for the latter are bathed by the 
juices of the tissues, which contain carbonic acid, the 
product of their waste and combustion, in excess, to- 
gether with highly oxidizable matters. On the other 
hand, if we seek for the explanation of the conversion of 
the dark blood in the veins into the scarlet blood of 
the arteries, we find, ist, that the blood remains dark in 
the right auricle, the right ventricle, and the pulmonary 
artery ; 2nd, that it is scarlet not only in the aorta, but in 
ihe left ventricle, the left auricle, and the pulmonary veins. 

Obviously, then, the change from venous to arterial 
takes place in the pulmonary capillaries, for these are the 
sole channels of communication between the pulmonary 
arteries and the pulmonary veins. 

7. But what are the physical conditions to which the 
blood is exposed in the pulmonary capillaries } 

These vessels are very wide, thin walled, and closely set, 
50 as to form a network with very small meshes, which is 
contained in the substance of an extremely thin mem- 
brane. This membrane is in contact with the air, so that 
the blood in each capillary of the lung is separated from 
the air by only a delicate pellicle formed by its own wall 
and the lung membrane. Hence an exchange very readily 
takes place between the blood and the air •, the latter 
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opens into a chamber with cartilaginous walls — the 
larynx; and leading from the larynx downwards along 
the front part of the throat, where it may be very readily 
felt, is the trachea, or windpipe (Fig. 19, TV.)- 



■K AND Thorax of a Human Sl'niECT 

OLUHH AND WHOLE FoSTEllIOll WALL 



Jf iBDUlh; C/. (lonis: 7'r. tiachca; L.L. left lung: R.L.fi^\\m^: Br. 

If the trachea be handled through the skin, it will be 
found to be firm and resisting. Its walls are, in fact, 
strengthened by a series of cartilaginous hoops, which 
hoops are incomplete behind, their ends being united 
only by muscle and membrane, where the trachea comes 
into contact with the gullet, or oaopkagus. The trachea 
passes into the thorax, and there divides into two branches, 

a right and a. left, which are termed the bronchi (Fig. 

'» ^.)- £ach bronchus enters tbe \aaj i( \W -awn side, 
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a fourth of the oxygen it contained will be replaced by 
carbonic acid. 

The quantity of carbon eliminated in the twenty-four 
hours is pretty nearly represented by a piece of pure char- 
coal weighing eight ounces. 

The quantity of water given off from the lungs in the 
twenty-four hours varies very much, but may be taken on 
the average as rather less than half a pint, or about nine 
ounces. It may fall below this amount, or increase to 
double or treble the quantity. 

13. The mechanical arrangements by which the respi- 
rator}' movements, essential to the removal of the great 
mass of effete matters, and the importation of the large 
quantity of oxygen indicated, are effected, may be found 
in — {a) the elasticity of the lungs ; {b) theinobility of the 
sides and bottom of the thoracic cavity in which the lungs 
are contained. 

The thorax may be regarded as a completely shut coni- 
cal box, with the small end turned upwards, the back of 
the box being formed by the spinal column, the sides by 
the ribs, the front by the breast-bone, the bottom by the 
diaphragm, and the top by the root of the neck (Fig. 19). 

The two lungs occupy almost all the cavity of this box 
which is not taken up by the heart. Each is enclosed in 
its serous membrane, Xhc pleura, a double bag (very simi- 
lar to the pericardium, the chief difference being that the 
outer bag of each pleura is, over the greater part of its ex- 
tent, quite firmly adherent to the walls of the chest and 
the diaphragm (see Fig. 9), while the outer bag of the peri- 
cardium is for the most part loose), the inner bag closely 
covering the lung and the outer forming a lining to the 
cavity of the chest. So long as the walls of the thorax 
are entire, the cavity of each pleura is practically oblite- 
rated, that layer of the pleura which covers the lung being 
in close contact with that which lines the wall of the 
chest ; but if a small opening be made into the pleura, 
the lung at once shrinks to a comparatively small size, 
and thus develops a g^eat cavity between the two layers 
of the pleura. If a pipe be now fitted into the bronchus, 
and air blown through it, the lung is very readily dis- 
- tended to its full size ; but, on being left to itself, it col- 
Japses, the air being driven out again with some force. 
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To effect this, the elastic tissue must pull with a force 
greater than that of the external air (or fifteen pounds to 
the square inch), an" effort far beyond its powers, which 
do not equal more than one-fourth of a pound on the 
square inch. But the moment a hole is made in the 
pleura, the air enters into its cavity, the atmospheric pres- 
sure inside the lung is equalized by that outside it, and 
the elastic tissue, freed from its opponent, exerts its full 
power on the lung. 

14. The lungs are elastic, whether alive or dead. During 
life the air which they contain may be further affected by 
the contractility of the muscular walls of the bronchial 
tubes. If water is poured into the lungs of a recently- 
killed animal, and a series of electric shocks is then sent 
through the bronchial tubes, the latter contract, and the 
water is forced out. Lastly, during life a further source 
of motion in the bronchial tubes is provided by the ci/m 
— minute filaments attached to the epithelium of the tubes, 
which incessantly vibrate backwards and forwards, and 
work in such a manner as to sweep liquid and solid matters 
outwards, or towards the trachea. 

15. The ribs are attached to the spine, so as to be freely 
moveable upon it ; but when left to themselves they take 
a position which is inclined obliquely downwards and 
forwards.^ Two sets of muscles, called intercostals^ pass 
between the successive pairs of ribs on each side. The 
outer set, called ^jr/^r/^^/ inter costals (Fig. 21, ^), run from 
the rib above, obliquely downwards and forwards, to the 
rib below. The other set, internal inter costals ( Fig. 21, B), 
cross these in direction, passing from the rib above, down- 
wards and backwards, to the rib below. 

The action of these muscles is somewhat puzzling at 
first, but is readily understood if the fact that zt/ken a 
muscle contracts^ it tends to make the distance between its 
two ends as short as possible, be borne in mind. Let a 
and b in Fig. 22, A, be two parallel bars, moveable by 
their ends upon the upright c, which may be regarded as 
at the back of the apparatus, then a line directed from x 

' I purposely neglect the consideration of the cartilages of the ribs, and 
some other points, in order not to complicate the qwcstion unnecessarily. It 
^aaj\ however, be stated that those fibres of the mlcTivoX "xtvieTco^x^?. ^bich 
are Situate between the cartilages act like the external, andtaiksfc \:t«ifw\3&. 
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ribs with parts of the spine above them, and with the 
shoulder, may, more or less extensively, assist inspiration ; 
while those which connect the ribs and breastbone with 
the pelvis, and form the front and side walls of the abdo- 
men, are powerful aids to expiration. In fact they assist 
expiration in two ways : first, directly, by pulling down the 
ribs ; and next, indirectly, by pressing the viscera of the 
abdomen upwards against the under surface of the dia- 
phragm, and so driving the floor of the thorax upwards. 

It is for this reason that, whenever a violent expiratory 
effort is made, the walls of the abdomen are obviously 
flattened and driven towards the spine, the body being at 
the same time bent forwards. 

In taking a deep inspiration, on the other hand, the 
walls of the abdomen are relaxed and become convex, the 
viscera being driven against them by the descent of the 
diaphragm — the spine is straightened, the head thrown 
back, and the shoulders outwards, so as to afford the 
greatest mechanical advantage to all the muscles which 
can elevate the ribs. 

19. It is a remarkable circumstance that the mechanism 
of respiration is somewhat different in the two sexes. In 
men, the diaphragm takes the larger share in the process, 
the upper ribs moving comparatively little ; in women, the 
reverse is the case, the respiratory act being more largely 
the result of the movement of the ribs. 

Sighing is a deep and prolonged inspiration. " Sniffing " 
is a more rapid inspiratory act, in which the mouth is kept 
shut, and the air made to pass through the nose. 

Coughing is a violent expiratory act. A deep inspira- 
tion being first taken, the glottis is closed and then burst 
open by the violent compression of the air contained in 
the lungs by the contraction of the expiratory muscles, 
the diaphragm being relaxed and the air driven through 
the mouth. In sneezings on the contrary, the cavity of the 
mouth being shut off from the phar>'nx by the approxima- 
tion of the soft palate and the base of the tongue, the air 
is forced through the nasal passages. 

20. It thus appears that the thorax, the lungs, and the 
trachea, constitute a sort of bellows without a valve, in 

which the thorax and the lungs represent the body of the 
bellows, while the trachea is the pipe *, atvd Ocvt e.^^cX of 
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The amount of this air which cannot be got rid of, and 
is called Residual air, is, on the average, from 75 to 100 
cubic inches. * 

About as much more in addition to this remains in 
the chest after an ordinary expiration, and is called 
Supplemental air. 

In ordinary breathing, 20 to 30 cubic inches of what is 
conveniently called Tidal air pass in and out. It follows 
that, after an ordinary inspiration, 100 + 100 + 30 = 230 
cubic inches, may be contained in the lungs. By taking 
the deepest possible inspiration, another 100 cubic inches, 
called Complemcntal air, may be added. 

21. It results from these data that the lungs, a^ter an 
ordinary inspiration, contain about 230 cubic inches of 
air, and that only about one-seventh to one-eighth of this 
amount is breathed out and taken in again at the next 
inspiration. Apart from the circumstance, then, that the 
fresh air inspired has to fill the cavities of the hinder part 
of the mouth, and the trachea, and the bronchi, if the 
lungs were mere bags fixed to the ends of the bronchi, the 
inspired air would descend so far only as to occupy that 
one-fourteenth to one-sixteenth part of each bag which 
was nearest to the bronchi, whence it w6uld be driven out 
again at the next expiration. But as the bronchi branch 
out into a prodigious number of bronchial tubes, the 
inspired air can only penetrate for a certain distance 
along these, and can never reach the air-cells at all. 

Thus the residual and supplemental air taken together 
are, under ordinary circumstances, stationary — that is to 
say, the air comprehended under these names merely 
shifts its outer limit in the bronchial tubes, as the chest 
dilates and contracts, without leaving the lungs ; the tidal 
air, alone, being that which leaves the lungs and is re- 
newed in ordinary respiration. 

It is obvious, therefore, that the business of respiration 

is essentially transacted by the stationary air, which plays 

the part of a middleman between the two parties — the 

blood and the fresh tidal air — who desire to exchange 

their commodities, carbonic acid for oxygen, and ox} gen 

for carbonic acid. 

Now there is nothing interposed between the fresh tidal 

a/r and the stationary air ; they ate awtexcv ^viX^s, xw 
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elastic walls ; while that of the veins is under little 
pressure. 

(2.) That the walls of the arteries are strong and re- 
sisting, while those of the veins are weak and flabby. 

(3.) That the veins have valves opening towards the 
heart ; and that, during the diastole, there is no resistance 
of any moment to the free passage of blood into the heart; 
while, on the other hand, the cavity of the arteries is shut 
off from that of the ventricle during the diastole, by the 
closure of the semilunar valves. 

Hence it follows that equal pressures applied to the 
surface of the veins and to that of the arteries must pro- 
duce very different effects. In the veins the pressure is 
something which did not exist before ; and, partly from 
the presence of valves, partly from the absence of re- 
sistance in the heart, partly from the presence of resistance 
in the capillaries, it all tends to accelerate the flow of blood 
towards the heart. In the arteries, on the other hand, the 
pressure is only a fractional addition to that which existed 
before ; so that, during the systole, it only makes a com- 
paratively small addition to the resistance which has to 
be overcome by the ventricle ; and during the diastole, it 
superadds itself to the elasticity of the arterial walls in 
driving the blood onwards towards the capillaries, inas- 
much as all progress in the opposite direction is stopped 
by the semilunar valves. 

It is, therefore, clear that the inspiratory movement, on 
the whole, helps the heart, inasmuch as its general result 
is to drive the blood the way that the heart propels it. 

28. In expiration, the difference between the pressure of 
the atmosphere on the surface, and that which it exerts 
on the contents of the thorax through the lungs, becomes 
less and less in proportion to the completeness of the ex- 
piration. Whenever, by the ascent of the diaphragm and 
the descent of the ribs, the cavity of the thorax is so far 
diminished that pressure is exerted on the great vessels, 
the veins, owing to the thinness of their walls, are es- 
pecially affected, and a check is given to the flow of blood 
in them, which may become visible as a venous pulse in 
thereat vessels of the neck. In its effect on the arterial 
trunks, expiration, Vike inspiration, is, on the whole, favour- 
able to the circulation; the increased Tes\s\.2Ltvce to the 
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than the medullary, and hence has a darker aspect. The 
great majority of the tubules after a very devious course 
ultimately terminate in dilatations (Fig. 28), which are 
called Malpighian capsules. Into the summit of each 
capsule, a small vessel (Figs. 28 and 29, v.d)^ one of the ulti- 
mate branches of the 7'enal artery (Fig. 26, RA)^ enters 
(driving the thin wall of the capsule before it), and imme- 




Fio. 27.— Diagrammatic View of the Coursb of the Tubules 

IN THE Kidney. 

r, cortical portion answering to Ct in Y\^. 26, k being close to the stiHacc 
of the kidneys ; g, /, medullary portion, p reaching to the summit of 

the pyramid. 
IXy opening of tubule on the pyramid ; VIII, VI I ^ VI, the straight por- 
tion of the tubules ; V—II, the twisted portion of the tubules ; /, the Mal- 
pighian capsule. 

diately breaks up into a bunch of looped capillaries, called 

-Bi glomerulus (Fig. 28,^./), which nearly fills the cavity of 

the capsule. The blood is carried away from this glome- 

^w/us by a, small vein (v.e), which does not, at once, join 

wtA other veins into a larger venous tTutvV,but opens into 

tAe network of capillaries (Fig. 29) v/\v\ch ^wtto>mv^'& \Jsv^ 
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mental emotion, or when the body is exposed to a hot 
and moist atmosphere, the perspiration becomes sensible ; 
that is, appears in the form of scattered drops upon the 
surface. 

14. The quantity oi sweaty or sensible perspiration, and 
also the total amount of both sensible and insensible per- 
spiration, vary immensely, according to the temperature 
and other conditions of the air, and according to the state 
of the blood and of the nervous system. It is estimated 
that, as a general rule, the quantity of water excreted by 
the skin is about double that given out by the lungs in the 
same time. The quantity of carbonic acid is not above 
jj^jth or ^th of that excreted by the lungs ; and it is 
not certain that in health any appreciable quantity of urea 
is given off. 

In its normal state the sweat is acid, and contains fatty 
matters, even when obtained free from the fatty products 
of the sebaceous glands. Ordinarily, perspiration, as it 
collects upon the skin, is mixed with the fatty secretion 
of these glands ; and, in addition, contains scales of the 
external layers of the epidermis, which are constantly 
being shed. 

15. In analysing the process by which the perspiration 
is eliminated from the body, it must be recollected, in the 
first place, that the skin, even if there were no glandular 
structures connected with it, would be in the position of a 
moderately thick, permeable membrane, interposed be- 
tween a hot fluid, the blood, and the atmosphere. Even 
in hot climates the air is, usually, far from being com- 
pletely saturated with watery vapour, and in temperate 
climates it ceases to be so saturated the moment it comes 
into contact with the skin, the temperature of which is, 
ordinarily, twenty or thirty degrees above its own. 

A bladder exhibits no sensible pores, but if filled with 
water and suspended in the air, the water will gradually 
ooze through the walls of the bladder, and disappear by 
evaporation. Now, in its relation to the blood, the skin 
is such a bladder full of hot fluid. 

Thus, perspiration to a certain amount must always be 
going on through the substance of the integument ; but 
wJhat the amount of this perspiration may be cannot be 
^^curateJy ascertained, because a second arvd vet^j Vcw^x- 
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which therefore must possess a very great aggregate 
secreting power. 

17. The sweat-glands are greatly under the influence of 
the nervous system. This is proved, not merely by the 
well-known effects of mental emotion in sometimes sup- 
pressing the perspiration and sometimes causing it to be 
poured forth in inMnense abundance, but has been made 
^ matter of direct experiment. There are some animals, 
such as the horse, which perspire very freely. If the 
sympathetic nerve of one side, in the neck of a horse, be 
cut, the same side of the head becomes injected with 
blood, and its temperature rises (see Lesson II. § 24) ; 
and, simultaneously, sweat is poured out abundantly over 
the whole surface thus affected. On irritating that end of 
the cut nerve which is in connection with the vessels, the 
muscular walls of the latter, to which the nerve is distri- 
buted, contract, the congestion ceases, and with it the 
perspiration. 

18. The amount of matter which may be lost by per- 
spiration, under certain circumstances, is very remarkable. 
Heat and severe labour, combined, may reduce the weight 
of a man two or three pounds in an hour, by means of the 
cutaneous perspiration alone ; and, as there is some rea- 
son to believe that the quantity of solid matter carried off 
from the blood does not diminish with the increase of the 
amount of the perspiration, the total amount of solids 
which are eliminated by profuse sweating may be con- 
siderable. 

The difference between blood which is coming from, 
and that which is going to, the skin, can only be con- 
cluded from the nature of the substances given out in the 
perspiration ; but arterial blood is not rendered venous in 
the skin. 

19. It will now be instructive to compare together in 
more detail than has been done in the first Lesson 
(§ 23), the three great organs — lungs, kidneys, and skin 
— which have been described. 

In ultimate anatomical analysis, each of these organs 
consists of a moist animal membrane separating the blood 
from the atmosphere. 
Water, carbonic acid, and solid matter pass out from 
/:Ae blood through the animal membrane in eac\i ot^^.xv^ 
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glucose^ than that brought to it by the portal veins and 
hepatic artery. 

That the blood leaving the liver should contain propor- 
tionally less water and more corpuscles than that entering 
it, is no more than might be expected from the fact that 
"the formation of the bile, which is separated from this 
blood, necessarily involves a loss of water and of some 
solid matters, while it does not abstract any of the cor- 
puscles. 

We do not know why less fibrin separates from the blood 
of the hepatic vein than from the olood brought to the 
liver. But the reason why there may be more sugar in 
the blood leaving the liver than in that entering it ; and 
why, in fact, there may be plenty of sugar in the blood cf 
the hepatic vein even when none whatever is brought to 
it by the hepatic artery, or portal vein, has been made out 
by careful and ingenious experimental research. 

26. If an animal be fed upon purely animal food, the 
blood of the portal vein will contain no sugar, none having 
been absorbed by the walls of the ahmentary canal, nor 
will that of the hepatic artery contain any, or, at any rate, 
more than the merest trace. Nevertheless, plenty may be 
found, at the same time, in the blood of the hepatic vein 
and in that of the vena cava, from the point at which it is 
joined by the hepatic vein, as far as the heart. 

Secondly, if, from an animal so fed, the liver be ex- 
tracted, and a current of cold water forced into the vena 
portcB, it will flow out by the hepatic vein, carrying with it 
all the blood of the organ, and will, after a time, come out 
colourless, and devoid of sugar. Nevertheless, if the 
organ be left to itself at a moderate temperature, sugar 
will soon again become abundant in it. 

Thirdly, from the liver, washed as above described, a 
substance may be extracted, by appropriate methods, which 
resembles starch or dextrine, in chemical composition, 
consisting as it does of carbon united with hydrogen and 
oxygen, the latter being in the same proportions as in 
water. This " amyloid " substance is the glycogen spoken 
of in § 20. It may be dried and kept for long periods 
without undergoing any change. 

But, like the vegetable starch and dextrine, this animal 
amyloid, which must he formed in the Wvet, sxivce '\\. \«» e^x- 
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the body ; the ' third, that it is subject to incessant 
regulation. 

Heat is generated whenever oxidation takes place ; and 
hence, whenever proteid substances (see Lesson VI., § 4) 
or fats, or amyloidal matters, are being converted into the 
more highly oxidated waste products, — urea, carbonic acid, 
and water, — heat is necessarily evolved. But these pro- 
cesses are taking place in all parts of the body by which 
vital activity is manifested ; and hence every capillary 
vessel and every extravascular islet of tissue is really a 
small fireplace in which heat is being evolved, in propor- 
tion to the activity of the chemical changes which are 
going on. 

30. But as the vital activities of different parts of the 
body, and of the whole body, at different times, are very 
different ; and as some parts of the body are so situated 
as to lose their heat by radiation and conduction much 
more easily than others, the temperature of the body 
would be very unequal in its different parts, and at different 
times, were it not for the arrangements by which the heat 
is distributed and regulated. 

Whatever oxidation occurs in any part, raises the tem- 
perature of the blood which is in that part at the time to 
a proportional extent. But this blood is swiftly hurried 
away into other regiorfs of the body, and rapidly gives up 
its increased temperature to them. On the other hand, 
the blood which by being carried to the vessels in the skin 
on the surface of the body begins to have its temperature 
lowered by evaporation, &c., is hurried away before it has 
time to get thoroughly cooled into the deeper organs ; and 
in them if becomes warm by contact, as well as by the 
oxidating processes in which it takes a part. Thus the 
blood-vessels and their contents might be compared to a 
system of hot-water pipes, through which the warm water 
is kept constantly circulating by a pump ; while it is heated, 
not by a great central boiler as usual, but by a multitude ot 
minute gas jets, disposed beneath the pipes, not evenly, but 
more here and fewer there. It is obvious that, however 
much greater might be the heat applied to one part of the 
system of pipes than to another, the general temperature 
of the water would be even throughout, if it were kept 
movjnfir with sufficient quickness by the putup. 
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quiescent gland suddenly pouring out its fluid secretion, as 
a result of a change in the condition of the nervous system. 
And, in animals, the salivary glands can be made to secrete 
abundantly, by irritating a nerve which supplies the gland 
and its vessels. How far this effect is the result of the 
mechanical influence of the nerve on the state of the circu- 
lation, by widening the small arteries (see p. 51) and so 
supplying the gland with more blood, and how far it is the 
result of a more direct influence of the nerve upon the state 
of the tissue of the gland itself, making the cells secrete^ 
just as a nerve when stimulated makes a muscle contract, 
is not at present finally determined. 

The liquids poured out by the intermittent glands are 
always very poor in solid constituents, and consist chiefly 
of water. Those poured on to the surface of the body are 
lost, but those which are received by the alimentary canal 
are doubtless in a great measure re- absorbed. 

33. The great intermittent sources of gain of waste pro- 
rducts to the blok)d are the muscles, every contraction of 
which is accompanied by a pouring of certain products 
into the blood. That much of this waste is carbonic acid 
is certain from the facts («) that the blood which leaves a 
contracting muscle is always highly venous, far more so 
than that which leaves a quiescent muscle ; {p) that mus 
cular exertion at once immensely increases the quantity of 
carbonic acid expired ; but whether the amount of nitro- 
genous waste is increased under these circumstances, or 
not, is a point yet under discussion. 
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fore, that in addition to the 10,000 grains of oxygen, 
7,200 grains of dry, solid, matter must pass out of the 
body by the lungs, skin, or kidneys, either in the form of 
gas, or dissolved in the liquid excretions of those organs. 
Further, as the general composition of the body remains 
constant, it follows either that the elementary constituents 
of the solids taken into the body must be identical with 
those of the body itself: or that, in the course of the 
vital processes, the food alone is destroyed, the substance 
of the body remaining unchanged : or, finally, that both 
these alternatives hold good, and that food is, partly, 
identical with the wasting substance of the body, and 
replaces it; and, partly, differs from the wasting sub- 
stance, and is consumed without replacing it. 

4. As a matter of fact, all the substances which are 
used as food come under one of four heads. They are 
either what may be termed Proteids^ or they are FatSy 
or they are Amyloids^ or they are Minerals, 

Proteids are composed of the four elements — carbon, 
hydrogen, oxygen, and nitrogen, sometimes united with 
sulphur and phosphorus. 

Under this head come the Gluten of flour ; the Albu- 
min of white of Q%%^ and blood serum ; the Fibrin of the 
blood; the Syntonin^ which is the chief constituent of 
muscle and flesh, and Casein^ one of the chief constituents 
of cheese, and many other similar but less common bodies ; 
while Gelatin^ which is obtained by boiling from connec- 
tive tissue, and Chondrin, which may be produced in the 
same way from cartilage, may be considered to be out- 
lying members of the same group. 

Fats are composed of carbon, hydrogen, and oxygen 
only, and contain more hydrogen than is enough to form 
water if united with the oxygen which they possess. 

All vegetable and animal fatty matters and oils come 
under this division. 

Amyloids are substances which also consist of carbon, 
hydrogen, and oxygen only. But they contain no more 
hydrogen than is just sufficient to produce water with 
their oxygen. These are the matters known as Starchy 
Dextrine, Sugar, and Gum. 

It is the peculiarity of the three groups o^ ^ood-sluffe 
just mentioned that they can only be 6bX.a\tv^d ^^x ^xv^i 
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nitrogen (at any rate, in any considerable quantity) can 
.be taken into the blood, and that is in the form of a 
solution of proteid matter. If proteid matter be not sup- 
plied, therefore, the body must needs waste, because there 
is nothing in the food competent to make good the loss of 
nitrogen. 

On the other hand, if proteid matter be supplied, there 
. can be no absolute necessity for any other but the mineral 
food-stuffs, because proteid matter contains carbon and 
hydrogen in abundance, and hence is competent to give 
origin to the other great products of waste, carbonic acid 
and water. 

In fact, the final results of the oxidation of proteid 
matters are carbonic acid, water, and ammonia ; and these, 
as we have seen, are the final shapes of the waste products 
of the human economy. 

7. From what has been said, it becomes readily intel- 
ligible that, whether an animal be herbivorous or carni- 
vorous, it begins to starve from the moment its vital 
food-stuffs consist of pure amyloids, or fats, or any mixture 
of them. It suffers from what may be called nitrogen 
starvation^ and, sooner or later, will die. 

• In this case, and still more in that of an animal de- 
prived of vital food altogether, the organism, so long as it 
continues to live, feeds upon itself. In the former case, 
those excretions which contain nitrogen, in the latter, all 
its waste products, are necessarily formed at the expense 
of its own body; whence it has been rightly enough 
observed that a starving sheep is as much a carnivore 
as a lion. 

8. But though proteid matter is the essential element 
of food, and under certain circumstances may suffice, by 
itself, to maintain the body, it is a very disadvantageous 
and uneconomical food. 

Albumen, which may be taken as the type of the pro- 
teids, contains about 53 parts of carbon and 15 of nitrogen 
in 100 parts. If a man were to be fed on white of ^%g^ 
therefore, he would take in, speaking roughly, 3^ parts of 
carbon for every part of nitrogen. 

But it is proved experimentally, that a healthy, full- 
grown man, keeping up his weight and heat, and taking 
a. fair amount of exercise, eUminales ^ooo ^xivcvs* <A 
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solubility, passes with great ease into the economy, the 
digestive labour of which is consequently reduced to a 
minimum. 

10. Several apparently simple articles of food con- 
stitute a mixed diet in themselves. Thus butcher's meat 
commonly contains from 30 to 50 per cent, of fat. Bread, 
on the other hand, contains the proteid, gluten, and the 
amyloids, starch and sugar, with minute quantities of fat. 
But, from the proportion in which these proteid and other 
constituents exist in these substances, they are neither, 
taken alone, such physiologically economical foods as they 
are when combined in the proportion of about 200 to 75 ; 
or two pounds of bread to three-quarters of a pound of 
meat per diem. 

11. It is quite certain that nine-tenths of the dry, solid 
food which is taken into the body sooner or later leaves 
it in the shape of carbonic acid, water, and urea (or uric 
acid) ; and it is also certain that the compounds which 
leave thie body not only are more highly oxidized than 
those which enter it, but in them is carried away out of 
the body all the oxygen taken into the blood by the 
lungs. 

The intermediate stages of this conversion are, how- 
ever, by no means so clear. It is highly probable that 
the amyloids and fats are very frequently oxidized in 
the blood, without, properly speaking, ever forming an 
integral part of the substance of the body ; but whether 
the proteids may undergo the same changes in the blood, 
or whether it is necessary for them first to be incorporated 
with the living tissue, is not positively known. 

So, again, it is certain that, in becoming oxidized, the 
elements of the food must give off heat, and it is probable 
that this heat is sufficient to account for all that is given 
off by the body ; but it is possible, and indeed fprobable, 
that there may be other minor sources of heat. 

12. Food-stuffs have been divided mto heat-producers 
and tissue-formers — the amyloids and fats constituting the 
former division, the proteids the latter. But this is a very 
misleading classification, inasmuch as it implies, on the 
om hand, that the oxidation of the proteids does not 

develop heat ; and, on the other, thai \.V\e ^ircv^lcklds and 
/kts, as they oxidize, subserve only the pxod\\e\\oTv c^l V^^, 
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While mastication is proceeding, the salivary glands 
pour out their secretion in great abundance, and the 
saliva mixes with the food, which thus becomes in- 
terpenetrated not only with the salivary fluid, but with 
the air which is entangled in the bubbles of the saliva. 

When the food is sufficiently ground it is collected, 
enveloped, in saliva, into a mass or bolus, which rests 
upon the back of the tongue, and is carried backwards to 
tne aperture which leads into the pharynx. Through this 
it is thrust, the soft palate being lifted and its pillars being 
brought together, while the backward movement of the 
tongue at once propels the mass and causes the epiglottis 
to incline backwards and downwards over the glottis 
and so to form a bridge by which the bolus can travel 
over the opening of the air-passage without any risk of 
tumbling into it While the epiglottis directs the course 
of the mass of food below, and prevents it from passing 
into the trachea, the soft palate guides it above, keeps it 
out of the nasal chamber, and directs it downwards and 
backwards towards the lower part of the muscular pha- 
r)^ngeal funnel. By this the bolus is immediately seized 
and tightly held, and the muscular fibres contracting 
above it, while they are comparatively lax below, it is 
rapidly thrust into the oesophagus. By the muscular 
walls of this tube it is grasped and propelled onwards, in 
a similar fashion, until it reaches the stomach. 

17. Drink is taken in exactly the same way. It does 
not fall down the pharynx and gullet, but each gulp is 
grasped and passed down. Hence it is that jugglers are 
able to drink standing upon their heads, and that a horse, 
or ox, drinks with its throat lower than its stomach, feats 
which would be impossible if fluid simply fell down the 
gullet into the gastric cavity. 

During these processes of mastication, insalivation, and 
deglutition, what happens to the food is, first, that it is 
reduced to a coarser or finer pulp ; secondly, that any 
matters it carries in solution are still more diluted by the 
water of the saliva ; thirdly, that any starch it may con- 
tain begins to be changed into sugar by the peculiar con- 
stituent fptyalin) of the saliva. 

18, The stomach, like the gullet, cows\sts of a tube 
^tb muscular walls composed of smootla. Trv\iscM\a.x ^x^?». 
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is not at all coagulated by boiling. 'Again, if a quantity 
of white of ^%% be tied up in a bladder, and the bladder 
immersed in water, very little of the proteid will pass 
through the bladder into the water, provided that there 
lire no holes. If, however, peptone be used instead of 
albumin, a very large quantity will speedily pass through 
into the water, and a quantity of water will pass from the 
outside into the bladder, causing it to swell up. This 
process is called osmosis, and isievidently of great import- 
ance in the economy ; and the purpose of the conversion 
of the various proteids by digestion into peptone seems 
to be, in part at least, to enable this class of food-stuff to 
pass readily into the blood through the thin partition 
formed by the walls of the mucous membrane of the intes- 
tine and the coats of the capillaries. 

Similarly, starch, even when boiled, and so partially 
dissolved, will not pass through membranes, whereas sugar 
does so with the greatest ease. Hence the reason of 
the conversion of starch, by digestion, into sugar. 

It takes a very long time (some days) for the dilute acid 
alone to dissolve proteid matters, and hence the solvent 
power of gastric juice must be chiefly attributed to the 
pepsin. 

As far as we know gastric juice has no direct action on 
fats ; by breaking up, however, the proteid framework in 
which animal and vegetable fats are imbedded, it sets 
these free, and so helps their digestion by exposing them 
to the action of other agents. It appears, too, that gastric 
juice has no direct action on amyloids ; on the contrary, 
the conversion of the starch into sugar begun in the 
mouth appears to be wholly or partially arrested by the 
acidity of the contents of the stomach, ptyalin being 
active only in an alkaline or neutral mixture. 

20. By continual rolling about, with constant additions 
of gastric juice, the food becomes reduced to the con- 
sistence of pea-soup, and is called chyme. In this state 
it is, in part, allowed to escape through the pylorus and 
to enter the duodenum ; but a great deal of the fluid 
(consisting of peptone together with any saccharine fluids 
resulting from the partijil conversion of starch, or other- 
wise) is at once absorbed, making its way, by imbibition, 
through the walls of the delicate and numexoM^ ve^%^Vs» ^1 
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the stomach into the current of the blood, which is rush- 
ing though the gastric veins to the vena portcB, 

21. The intestines form one long tube, with mucous and 
muscular coats, like the stomach ; and, like it, they are 
enveloped in peritoneum. They are divided into two por- 
tions — the small intestines and the large intestines ; the 
latter having a much greater diameter than the former. 
The small intestines again are subdivided into the 
duodenum^ the jejunum^ and the ileum, but there is no 
natural line of demarcation between these. The duodenu7n, 
however, is distinguishable as that part of the small 
intestine which immediately succeeds the stomach, and 
is bent upon itself and fastened by the peritoneum against 
the back wall of the abdomen, in the loop shown in Fig. 
42. It is in this loop that the head of the pancreas lies 

(Fig. 38). 

The ileum (Fig. 45, a) is no wider than the jejunum or 
duodenum, so that the transition from the small intestine 
to the large {e) is quite sudden. The opening of the 
small intestine into the large is provided with prominent 
lips which project into the cavity of the latter, and oppose 
the passage of matters from it into the small intestine, 
while they readily allow of a passage the other way. This 
is the ileo-ccEcal valve (Fig. 45, d). 

The large intestine forms a blind dilatation beyond the 
ileo-caecal valve, which is called the ccecumj and from, 
this an elongated, blind process is given off, which, from 
its shape, is called the vermiform appendix of the caecum 
(Fig. 45, b). 

The caecum lies in the lower part of the right side of the 
abdominal cavity. The colon, or first part of the large 
intestine, passes upwards from it as the ascending colon; 
then making a sudden turn at a right angle, it passes 
across to the left side of the body, being called the 

C, ventricles of the heart ; Z?, auricles ; E^ pulmonary artery ; F^ aorta : 

C, lungs, collapsed, and occupying only back part of chest ; H, lateral 

portions of pleural membranes ; 7, cartilage at the end of sternum 

(ensiform cartilage) ; A", portion of the wall of body left between 

wM>»ax and abdomen; a, cut ends of the ribs; L, the liver, in this 

case lying more to the left than the right^ of the body ; My the stomach, 

la^e part of the ereater curvature being shown ; iV, duodenum ; O^ 

fff^Hatesdoe ; J*, the csecum, so largely developed m \3b\s axvd oxhar 

^roTQus animals ; Q, the large intestine. 
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abdomen, it becomes the descending colon. This reaches 
the middle line and becomes the recttim^ which is that 
part of the large intestine which opens externally. 

22. The mucous membrane of the whole intestine is 
provided with numerous small and simple glands 
(named after Lieberkiihn), which pour into it a secretion, 
the intestinal juice, the precise functions of which are 
unknown, though it appears in some creatures at least to 
possess the power of converting starch into sugar, and 
proteids into peptone. At the commencement of the 
duodenum are certain racemose glands, called the glands 
of Brunner, whose function is wholly unknown. 

Structures peculiar to the small intestine are the 
valvulcB conniventeSj transverse folds of the mucous 
membrane, which increase the surface ; and the Ttlli, 
which are minute thread-like processes of the mucous 
membrane on the valvtilce conniventes and elsewhere, set 
side by side, like the pile of velvet. Each villus is coated 
by epithelium, and contains in its interior the radicle, 
or commencement, of a lacteal vessel (Lesson II. § 6), 
between which and the epithelium lies a capillary net- 
work with its afferent artery and efferent vein. 

The intestines receive their blood almost directly from 
the aorta. Their veins carry the blood which has tra- 
versed the intestinal capillaries to the vena portal. 

The fibres of the muscular coat of the intestines (which 
lies between the mucous membrane and the serous, or 
peritoneal, investment) are disposed longitudinally and 
circularly ; the longitudinal coat being much thinner, and 
placed outside the circular coat. Now the circular fibres 
of any part contract, successively, in such a manner that 
the lower fibres, or those on the side of the anus, contract 
after the upper ones, or those on the side of the pylorus. 
It follows from this so-called peristaltic contraction, that 
the contents of the intestines are constantly being pro- 
pelled, by successive and progressive narrowing of their 
calibre, from their upper towards their lower parts. 

The large intestine presents noteworthy peculiarities 

in the arrangement of the longitudinal muscular fibres of 

the colon into three bands, which are shorter than the 

walls of the intestine itself, so that the latter is thrown 

into puckers and pouches ; and \tv xYve ^\?»\io?A\\oxv q>1 
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and unite with one another. In the chyle, on the other 
hand, the fatty matters are suspended in the fluid, just as 
oil may be evenly diffused through water by gradually 
rubbing it up with white of t,%% into what is termed an 
emulsion; or as the fat (that is, the butter) of milk is 
naturally held suspended in the watery basis of milk. 

The chyle, with these suspended particles, looks white 
and milky, for the same reason that milk has the same 
aspect — the multitude of minute suspended fatty particles 
reflecting a great amount of light. 

The conversion of starch into sugar, which seems to 
be suspended wholly, or partially, so long as the food 
remains in the stomach, on account of the acidity of the 
chyme, is resumed as soon as the latter is neutralized, the 
pancreatic and intestinal juices operating powerfully in 
this direction. 

Recent observations moreover have shown that pan- 
creatic juice has a powerful effect on proteid matters, con- 
verting them into peptones differing little, if at all, from 
the peptones resulting from gastric digestion. It would 
appear too that fats are not only minutely divided or 
emulsionized by the bile and pancreatic juice, i,e, acted 
upon mechanically, but also to a small extent converted 
by a chemical change into soaps, and thus rendered more 
soluble. 

Hence it appears that, while in the mouth amyloids only, 
and in the stomach proteids only, are digested, in the 
intestine all three kinds of food-stuffs, proteids, fats and 
amyloids are either completely dissolved or minutely 
subdivided, and so prepared for their passage into the 
vessels. 

As the chyle is thrust along the small intestines by 
the grasping action of the peristaltic contractions, the 
dissolved matter which it contains is absorbed, in the 
ordinary way, by osmosis into the vessels of the villi. 
The minute particles of fatty matter, on the other hand, 
which, not being dissolved, are incapable of osmosis, pass 
bodily through the soft substance of the epithelium into 
that of the villi, and so into the beginning of the lacteal. 

The exact manner in which this is effected is at present 

a matter of disi^wte. The contents of the intestine are 

undoubtedly subject to pressure from Ocv^ ^^\\?x?kNjCvL q.q.w- 
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LESSON VII. 



MOTION AND LOCOMOTION. ^ ^ 



I. In the preceding Lessons the manner in which 
the incomings of the human body are converted into its 
outgoings has been explained. It has been seen that new 
matter, in the form of vital and mineral foods, is constantly 
appropriated by the body, to make up for the loss of 
old matter, in the shape, chiefly, of carbonic acid, urea, 
and water, which is as constantly going on. 

The vital foods are derived directly, or indirectly, from 
the vegetable world : and the products of waste either are 
such compounds as abound in the mineral world, or 
immediately decompose into them. Consequently, the 
human body is the centre of a stream of matter which 
sets incessantly from the vegetable and mineral worlds 
into the mineral world again. It may be compared to an 
eddy in a river, which may retain its shape for an 
indefinite length of time, though no one particle of the 
water of the stream remains in it for more than a brief 
period. 

But there is this peculiarity about the human eddy, 
that a large portion of the particles of matter which flow 
into it have a much more complex composition than the 
particles which flow out of it. To speak in what is- not 
altogether a metaphor, the atoms which enter the body 
Bre, for the most part, piled up in large heaps, and tumble 
down into small heaps before they leave "\\.« T\\fc iot^^ 
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their movements may continue even for some time after 
the epithelial cell, with which they are connected, is 
detached from the body. And not only do the move- 
ments of the ciHa thus go on independently of the rest of 
the body, but they cannot be controlled by the action of the 
nervous system. Each cilium seems to be composed of 
contractile substance, and the cause of its movement would 
appear to be the alternate contraction and relaxation of its 
opposite sides along its whole length or at its base only ; 
but why these alternations take place is unknown. 

Although no other part of the body has any control 
over the cilia, and though, so far as we know, they have 
no direct communication with one another, yet their action 
is directed towards a common end — the cilia, which cover 
extensive surfaces, all working in such a manner as to 
sweep whatever lies upon that surface in one and the same 
direction. Thus, the cilia which are developed upon the 
epithelial cells, which line the greater part of the nasal 
cavities and the trachea, with its ramifications, tend to 
drive the mucus in which they work, outwards. 

In addition to the air-passages, cilia are found, in the 
human body, in the ventricles of the brain, and in one or 
two other localities ; but the part which they play in man 
is insignificant in comparison with their function in the 
lower animals, among many of which they become the 
chief organs of locomotion. 

4. Muscles (Lesson I. § 13) are accumulations of fibres, 
each fibre having a definite structure which is different in 
the striated and unstriated kinds (see Lesson XI I L). 
These fibres are bound up by fibrous (or connective) 
tissue with blood-vessels, &c. into small bundles ; and 
these bundles are again similarly bound up together in 
various ways so as to form muscles of various shapes and 
sizes. Every fibre has the power, under certain condi- 
tions, of shortening in length, while it increases its other 
dimensions, so that the absolute volume of the fibre 
remains unchanged. This power is called muscular 
contractility ; and whenever, in virtue of this power, a 
muscular fibre contracts^ it tends to bring its two ends, 
with whatever may be fastened to them, together. 

The condition which ordinarily determines the con- 
tracti'on of a muscular fibre is a cYiaiYge oi sX^iXa Vcv ^ 
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tives." Some of these extractives contain nitrogen ; the 
most important of this class is kreatin^ a crystalline body 
which is supposed to be the chief form in which nitrogenous 
waste matter leaves the muscle on its way to become urea. 

The other class of extractives contains bodies free from 
nitrogen. Perhaps the most important of these is lactic 
acid^ which seems always to be formed when a muscle 
contracts or when it enters into rigor mortis. For it is 
a curious fact thai a muscle when at rest has a neutral or 
alkaline reaction as shown by testing it with litmus, but 
becomes acid when it has been contracting for some time 
or become rigid by death. ' 

Most muscles are of a deep, red colour ; this is due in 
part to the blood remaining in their vessels ; but only in 
part, for each fibre (into which no capillary enters) has 
a reddish colour of its own, like a blood-corpuscle but 
fainter. And this colour is probably due to the fibre 
possessing a small quantity of that same haemoglobin in 
which the blood-corpuscles are so rich. 

Muscles may be conveniently divided into two groups, 
according to the manner in which the ends of their fibres 
are fastened ; into muscles not attached to solid levers, 
and muscles attached to solid levers. 

5. Muscles not attached to solid levers, — Under this 
head come the muscles which are appropriately called 
hollow muscles, inasmuch as they enclose a cavity or 
surround a space ; and their contraction lessens the 
capacity of that cavity, or the extent of that space. 

The muscular fibres of the heart, of the blood-vessels, 
of the lymphatic vessels, of the alimentary canal, of the 
urinary bladder, of the ducts of the glands, of the iris of 
the eye, are so arranged as to form hollow muscles. 

In the heart the muscular fibres are of the striated kind, 
and their disposition is exceedingly complex. The cavities 
which they enclose are those of the auricles and ventricles ; 
and, as we have seen, the fibres, when they contract, do so 
suddenly and together. 

The iris of the eye is like a curtain, in the middle of 

which is a circular hole. The muscular fibres are of the 

smooth or unstriated kind (see Lesson XII.), and they 

are disposed in two sets : one set radiating from the edges 

of the hole to the circumference of lYv^ cutxaim \ ^xvd tKe 
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Three kinds of levers are enumerated by mechanicians, 
the definition of each kind depending upon the relative 
positions of the point of support, ox fulcrum; of the point 
which bears the resistance^ weighty or other obstacle to be 
overcome by the force ; and of the point to which the 
force, or power employed to overcome the obstacle, is 
applied. 

If the fulcrum be placed between the power and the 
weight, so that, when the power sets the lever in motion; 
the weight and the power describe arcs, the concavities of 
which are turned towards one another, the lever is said to 
be of theyfrj/ order, (Fig. 49, I.) 
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The upper three figures represent the three kinds of levers ; the lower, 
the foot, when it takes the character of each kind.— W, weight or resist- 
ance ; F, fulcrum ; P, power. 

If the fulcrum be at one end, and the weight be between 
it and the power, so that weight and power describe con- 
centric arcs, the weight moving through the less space 
when the lever moves, the lever is said to be of the second 
order, (Fig. 49, II.) 

And if, the fulcrum being still at one end, the power be 
between the weight and it, so that, as in the former case, 
the power and -weight describe concentric arcs, but the 
power moves through the less space, the lever is of the 
third order, (Fig. 49, 1 1 1.) 
7. In the human body, the following parts present ex- 
amples of levers of the first order. 
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the spine ; the power is at the sternum — virtually the 
opposite end of the rib ; and the resistance to be over- 
come lies between the two. 

{c) The raising of the body upon the toes, fn standing 
on tiptoe, and in the first stage of making a step forwards. 
(Fig. 49, II.) 

Here the fulcrum is the ground on which the toes rest ; 
the power is applied by the muscles of the calf to the 
heel (Fig. 2, I.) ; the resistance is so much of the weight of 
the body as is borne by the ankle-joint of the foot, which 
of course lies between the heel and the toes. 

9. Three examples of levers of the third order are — 
\a) The spine, head, and pelvis, considered as a rigid 

bar, which has to be kept erect upon the hip-joints. 

(Fig. 2.) 

Here the fulcrum lies in the hip-joints ; the weight is at 
the centre of gravity of the head and trunk, high above the 
fulcrum ; the power is supplied by the extensor, or flexor, 
muscles of the thigh, and acts upon points comparatively 
close to the fulcrum. (Figs. 2, 2, and II.) 

{p) Flexion of the forearm upon the arm by the biceps 
muscle, when a weight is held in the hand. 

In this case, the weight being in the hand and the ful- 
crum at the elbow-joint, the power is applied at the point of 
attachment of the tendon of the biceps, close to the latter. 
(Fig. 48.) 

(c) Extension of the leg on the thigh at the knee-joint. 

Here the fulcrum is the knee-joint ; the weight is at the 
centre of gravity of the leg and foot, somewhere between 
the knee and the foot ; the power is applied by the muscles 
in front of the thigh (Fig. 2, 2) through the ligament of 
the knee-cap, or patella^ to the tibia, close to the knee- 
joint. 

10. In studying the mechanism of the body, it is very 
important to recollect that one and the same part of the 
body may represent each of the three kinds of levers, 
according to circumstances. Thus it has been seen that 
the foot may, under some circumstances, represent a lever 
of the first, in others, of the second order. But it may 
become a lever of the third order, as when one dances a 
weight resting upon the toes, up and dowxv, Vk^- tcvoV\Tv^ 

only the foot In this case, the fu\crum\s aXVV^ ^c^VX^- 
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opposite faces of these inCer-articuIar cartilages are fitted 
to receive the faces of the proper articular cartilages. 

While these co-adapted surfaces and synovial mem- 
branes provide for the free mobility of the bones entering 
into a joint, the natiue and extent of their motion is 



L.T, LifamoituQi rero» or roimd lif^ment. Hic space? marked wilh an 
interrupted line (----) Tepreaent the anicular cartilages. The cavity 
of the synovii] m«mbran« is indicated by the dark line between these, and 
as is shi>WD, extends alone the nedi of the femur beyond the limits <^ the 
cartilage. T!Tw peculiar shape of the pelvis causes the section to have the 
remaricaUe outline shown in the cut. This will be intelligible if compared 
wilh Fig. VI. in the Plile. 

defined, parlly by the forms of the articular surfaces, and 
partly by the disposition of the ligaments, or firm, fibrous 
cords which pass from one bone to the other. 
ij. As respects the nature of tbe an\cu\3.'c sv\T^a.te%, 
joints may be what are called ball and socket joinU^-^v.^-^ 
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only be made to move round an axis passing through its 
hinges. The elbow is the best example of this joint in 
the human body, but the movement here is limited, because 
the olecranon^ or part of the ulna which rises up behind 
the humerus, prevents the arm being carried back behind » 
the straight line ; the arm can thus be bent to, or straight- 
ened, but not bent back (Fig. 51). The knee and ankle 
present less perfect specimens of a single hinge-joint. 

A double hinge-joint is one in which the articular surface 
of each bone is concave in one direction, and convex in 
another, at right angles to the former. A man seated in 
a saddle is " articulated ^ with the saddle by such a joint. 
For the saddle is concave from before backwards, and 
convex from side to side, while the man presents to it the 
concavity of his legs astride, from side to side, and the 
convexity of his seat, from before backwards. 

The metacarpal bone of the thumb is articulated with 
the bone of the wrist, called trapezium^ by a double hinge- 
joint. 

15. Jk pivot-joint is one in which one bone furnishes 
an axis, or pivot, on which another turns ; or itself turns 
on its own axis, resting on another bone. A remarkable 
example of the former arrangement is afforded by the atlas 
and axis, or two uppermost vertebrae of the neck (Fig. 52). 
The axis possesses a vertical peg, the so-called odontoia 
process (^), and at the base of the peg are two, obliquely 
placed, articular surfaces {a) The atlas is a ring-like bone, 
with a massive thickening on each side. The inner side 
of the front of the ring plays round the neck of the odon- 
toid peg, and the under surfaces of the lateral masses glide 
over the articular faces on each side of the base of the peg. 
A strong ligament passes, between the inner sides of the 
two lateral masses of the atlas, and keeps the hinder side 
of the neck of the odontoid peg in its place (Fig. 52, A). 
By this arrangement, the atlas is enabled to rotate through 
a considerable angle either way upon the axis, without any 
danger of falling forwards or backwards — accidents which 
would immediately destroy Hfe by crushing the spinal 
marrow. 

The Jatera.] masses of the atlas have, on their upper 
/aces, concavities (Fig, 52, A, a) into w\\kVvl\vt Vwo cotsn^x, 
occipital condyles of the skull ftt, and \t\ v/\v\c\v v\vt>j ^X^^i 
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Thus the upper end of the radius turns on the double 
surface, furnished to it by the pivot-hke ball of the humerus, 
and the partial cup of the ulna : while the lower end of the 
radius can rotate round the surface furnished to it by the 
lower end of the ulna. 

In supination^ihe radius lies parallel with the ulna, with 
its lower end to the outer side of the ulna (Fig. 53, A). In 
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Fig. 53. 

The bones of the right forearm in supination ^A) and pronation (B). 
H, humerus ; R. radius ; U. ulna. 

pronation^ it is made to turn on its own axis above, and 

round the ulna below, until its lower half crosses the ulna, 

and its lower end lies on the inner side of the ulna (Fig. 

S3. B). 

16. The ligaments which keep the rcvobWe swi^^lc^^ cif 

oones tog-ether are, in the case of ball and socVeX. \ovc\X.?», 
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opposite faces of these inter'articular cartilages are fitted 
to receive the faces of the proper articular cartilages. 

While these co-adapted surfaces and synovial mem- 
branes provide for Che free mobility of the bones entering 
into a joint, the nature and extent of their motion is 
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defined, partly by the forms of the articular surfaces, and 

partly by the disposition of the ligaments, or firm, fibrous 

cords which pass from one bone to the other. 

13. As respects the nature of the articular siitfaces. 

Joints may be what are called iail and socket joints, -MtLcw. 
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longer- whence, though equally elastic, they vibrate less 
swiftly. 

26. Speech is voice modulated by the throat, tongue, and 
lips. Thus, voice may exist without speech ; and it is 
commonly said that speech may exist without voice, as in 
whispering. This is only true, however, if the title of voice 
be restricted to the sound produced by the vibration of the 
vocal chords ; for, in whispering, there is a sort of voice 
produced by the vibration of the musQular walls of the lips 
which thus replace the vocal chords. A whisper is, in 
fact, a very low whistle. 

The modulation of the voice into speech is effected by 
changing the form of the cavity of the mouth and nose, 
by the action of the muscles which move the walls of 
those parts. 

Thus, if the pure vowel sounds — 

E (as in he)y A (as in hay). A' i^s in aJi), 

O (as in or), <y (as in oh), 00 (as in cool), 

are pronounced successively, it will be found that they 
may be all formed out of the sound produced by a con- 
tinuous expiration, the mouth being kept open, but the 
form of its aperture, and the extent to which the lips are 
thrust out or drawn in so as to lengthen or shorten the 
distance of the orifice from the larynx, being changed for 
each vowel. It will be narrowest, with the lips most 
drawn back, in E, widest in A' , and roundest, with the 
lips most protruded, in 00, 

Certain consonants also may be pronounced without 
interrupting the current of expired air, by modification of 
the form of the throat and mouth. 

Thus the aspirate, H, is the result of a little extra ex- 
piratory force — a sort of incipient cough. 6" and Z, Sh 
and y (as m jugular = G soft, as in gentry), Th, L, R, F, 
V, may likewise all be produced by continuous currents of 
air forced through the mouth, tne shape of the cavity of 
which is peculiarly modified by the tongue and lips. 

27. All the vocal sounds hitherto noted so far resemble 
one another, that their production does not involve the 
stoppage of the current of air which traverses either of the 

modulating passafies. 
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covered with new mucous membrane, was to be seen, 
occupying a position as far back as the level of the an- 
terior pillars of the fauces. The dorsum of the tongue 
was visible with difficulty ; but I believe I could discern 
some of the circumvallate papillae upon it. None of these 
were visible upon the amputated part of the tongue, which 
had been preserved in spirit ; and which, so far as I could 
judge, was about 2 J inches long. 

When his mouth was open, Mr. R. could advance his 
tongue no further than the position in which I saw it ; but 
he informed me that, when his mouth was shut, the stump 
of the tongue could be brought much more forward. 

Mr. R.'s conversation was perfectly intelligible ; and 
such words as think^ the, cow, kill, were well and clearly 
pronounced. But tin became yf«y Xss^^fack or pack; 
toll, pool; dog, thog; dine, vine; dew, thewj cat, caffj 
mad, madf; goose, goothj big, pig, bich, pich^ with a 
guttural cK 

In fact, only the pronunciation of those letters the 
formation of which requires the use of the tongue was 
affected ; and, of these, only the two which involve the 
employment of its tip were absolutely beyond Mr. R.'s 
power. He converted all fs, and (Ts, into f^s, p^s, v^s, or 
ih's, Th was fairly given in all cases ; s and sh, I and r, 
with more or less of a lisp. Initial g*s and J^s were good ; 
but final g^s were all more or less guttural. In the former 
case, the imperfect stoppage of the current of air by the 
root of the tongue was of no moment, as the sound ran on 
into that of the following vowel ; while, when the letter 
was terminal, the defect at once became apparent. 



i88 ELEMENTARY PHYSIOLOGY, [less. 

condition of the efferent nerves reaches their extremities, 
it is communicated to the muscular fibres, and causes 
their particles to take up a new position, so that each fibre 
shortens and becomes thicker. 

3. Such a series of molecular changes as that just 
described is called a reflex action — the disturbance 
caused by the irritation being as it were reflected back, 
along the motor nerves, to the muscles. 

A reflex action, strictly so called, takes place without 
our knowing anything about it, and hundreds of such 
actions are going on continually in our bodies without our 
being aware of them. But it very frequently happens that 
we learn that something is going on, when a stimulus 
affects our afferent nerves, by having what we call a 
feeling or sensation. We class sensations along with 
emotions^ and volitions^ and thoughts^ under the common 
head of states of consciousness. But what consciousness 
is, we know not ; and how it is that anything so remark- 
able as a state of consciousness comes about as the result 
of irritating nervous tissue, is just as unaccountable as any 
other ultimate fact of nature. 

4. Sensations are of very various degrees of definiteness. 
Some arise within ourselves, we know not how or where, 
and remain vague and undefinable. Such are the sensa- 
tions of uncomfortableness^ or faintness^ oi fatigue^ or of 
restlessness. We cannot assign any particular place to 
these sensations, which are very probably the result of 
affections of the afferent nerves in general brought about 
by the state of the blood, or that of the tissues in which 
they are distributed. And however real these sensations 
may be, and however largely they enter into the sum of 
our pleasures and pains, they tell us absolutely nothing of 
the external world. They are not only diffuse, but they are 
also subjective sensations. 

5. What is termed the muscular sense is less vaguely 
localized than the preceding, though its place is still inca- 
pable of being very accurately defined. This muscular 
sensation is the feeling of resistance which arises when 
any kind of obstacle is opposed to the movement of the 
body, or of any part of it ; and it is something 
quite different from the feeling of contact or even of 

pressure. 
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level of the arch of the posterior nares — in fact, about as 
high as the depression of the root of the nose. The upper- 
most and front part of its roof, between the eyes, is formed 
by a delicate horizontal plate of bone, perforated like a 
sieve by a great many small holes, and thence called the 
cribriform plate (Fig. 63, CV.). It is this plate (with the 
membranous structures which line its two faces) alone 
which, in this region, separates the cavity of the nose from 
that which contains the brain. The olfactory lobes which 
are directly connected with, and form indeed a part of, the 
brain, enlarge at their ends, and their broad extremities 
rest upon the upper side of the cribriform plate ; sending 
immense numbers of delicate filaments,the olfactory nerves, 
through it to the olfactory mucous membrane (Fig. 62). 

On each wall of the septum this mucous membrane 
forms a flat expansion, but on the side walls of each nasal 
cavity it follows the elevations and depressions of the 
inner surfaces of what are called the upper and middle 
turbinal, or spongy bones. These bones are called spongy 
because the interior of each is occupied by air cavities 
separated from each other by very delicate partitions only, 
and communicating with the nasal cavities. Hence the 
bones, though massive- looking, are really exceedingly 
light and delicate, and fully deserve the appellation of 
spongy (Fig. 63). 

There is a third light scroll-like bone distinct from these 
two, and attached to the maxillary bone, which is called 
the inferior turbinal, as it lies lower than the other two, 
and imperfectly separates the air passages from the prop)er 
olfactory chamber (Fig. 62). It is covered by the ordinary 
ciliated mucous membrane of the nasal passage, and 
receives no filaments from the olfactory nerve (Fig. 62). 

14. From the arrangements which have been described, 
it is clear that, under ordinary circumstances, the gentle 
inspiratory and expiratory currents will flow along the 
comparatively wide, direct passages afforded by so much 
of the nasal chamber as lies below the middle turbinal ; 
and that they will hardly move the air enclosed in the 
narrow interspace between the septum and the upper 
and middle spongy bones, which is the proper olfactory 
chamber. 
If the air currents are laden w\tVi pa.T\,\c\^s ol o^oxo^w'i 
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joined at an angle. An immense number of these filaments 
are set side by side, with great regularity, throughout the 
whole length of the scala media, so that this organ pre- 
sents almost the appearance of a key-board, if viewed from 
either the scala vestibuli or the scala tympani. These 
fibres of Ccrti lie among a number of epithelium cells 
forming the lining of the scala media at this part, and 
those cells which are close to the fibres of Corti have a 
pecuharly modified form. The ends of the nerves have 
not yet been distinctly traced, but they probably come into 
close relation either with these fibres or with the modified 
epithelium cells lying close to them, which are capable of 
being agitated by the slightest impulse. 

1 8. These essential parts of the organ of hearing are, 
we have seen, lodged in chambers of the petrous part of 
the temporal bone. Thus the membranous labyrinth is 
contained in a bony labyrinth of corresponding form, of 
which that part which lodges the sac is termed the ves- 
tibule^ and those portions which contain the semicircular 
canals, the bony semicircular canals. And the scala 
media is contained in a spirally-coiled chamber, the 
cochlea, which it divides into two passages. Of these, 
one, the scala vestibuli^ is so called because at the 
broad end or base of the cochlea it opens directly by a 
wide aperture into the vestibule ; by this opening the 
perilymph which fills the vestibule and bony semicircular 
canals and surrounds the membranous labyrinth, is put in 
free communication with the perilymph which fills the 
scala vestibuli of the cochlea, and, by means of the com- 
munication which exists between the two scalae at the 
summit of the spire, with that of the scala tympani also. 

In the fresh state, this collection of chambers in the 
petrous bone is perfectly closed ; but in the dry skull 
there are two wide openings, terrae^. fenestrce, or windows, 
on its outer wall; />. on the side nearest the outside 
of the skulL Of these fenestras, one, termed ovalis (the 

brane of Corti ; C C, the fibres of Corti : VII. the filaments of the auditory 
nenre. It is doubtful whether the membrane of Corti really has the extent 
and connections given to it in this figure, which must not be taken for more 
than a genersA representation f»f the disposition of the parts. The membrane 
ofReissner, which ^parates the scala media from the scala vestibuli, is uot 
^vprescnted. 
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the OS orbiculare, which artifculates with the stapes (Figs. 
69 and 70). 

The three bones thus form a chain between the fenestra 
ovalis and the tympanic membrane ; and the whole series 
turns upon a horizontal axis, the two ends of which, formed 
by the horizontal process of the incus and the slender 
process of the malleus, rest in the walls of the tympanum. 
The general direction of this axis is represented by the 
line a bin Fig. 69, or by a line perpendicular to the plane 
of the paper, passing through the head of the malleus in 
Fig. 70. It follows, therefore, that whatever causes the 
membrane of the drum to vibrate backwards and for- 
wards, must force the handle of the malleus to travel 
in the same way. This must cause a corresponding 
motion of the long process of the incus, the end of which 
must drag the stapes backwards and forwards. And, as 
this is fastened to the membrane of the fenestra ovalis, 
which is in contact with the perilymph, it must set this fluid 
vibrating throughout its whole extent, the thrustings in of 
the membrane of the fenestra ovalis being compensated 
by corresponding thrustings out of the membrane of the 
fenestra rotunda, and vice versd. 

The vibrations of the perilymph thus produced will 
affect the endolymph, and this the otolithes, hairs, or 
fibres;, by which, finally, the auditory nerves will be 
excited. 

21. The membrane of the fenestra ovalis and the tym- 
panic membrane will necessarily vibrate the more freely 
the looser they are, and the reverse. But there are two 
muscles— one, called the stapedius, which passes from the 
floor of the tympanum to the orbicular bone, and the other, 
the tensor tympani, from the front wall of the drum to the 
malleus. Each of the muscles when it contracts tightens 
the membranes in question, and restricts their vibrations 
or, in other words, tends to check the effect of any cause 
which sets these membranes vibrating 

22. The outer extremity of the external meatus is sur- 
rounded by the concha or external ear {Co. Fig. 68), a 
broad, peculiarly-shaped, and for the most part cartila- 
ginous plate, the general plane of which is at right angles 
with that of the axis of the auditory opening. The concha 

can be moved by most animals and by sorcveYivrn\axv\i€vcv'^^ 
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LESSON X. 

THE COALESCENCE OF SENSATIONS WITH ONE 
ANOTHER AND WITH OTHER STATES OF CON- 
SCIOUSNESS. 

1. In explaining the functions of the sensory organs, 
I have hitherto confined myself to describing the means 
by which the physical agent of a sensation is enabled 
to irritate a given sensory nerve ; and to giving some 
account of the simple sensations which are thus evolved. 

Simple sensations of this kind are such as might be 
produced by the irritation of a single nerve-fibre, or of 
several nerve-fibres by the same agent. Such are the 
sensations of contact, of warmth, of sweetness, of an 
odour, of a musical note, of whiteness, or redness. 

But very few of our sensations are thus simple. Most 
of even those which we are in the habit of regarding 
as simple, are really compounds of different sensations, 
or of sensations with ideas, or with judgments. For 
example, in the preceding cases, it is very difficult to 
separate the sensation of contact from the judgment that 
something is touching us ; of sweetness, from the idea of 
something in the mouth ; of sound or light, from the 
judgment that something outside us is shining, or sounding. 

2. The sensations of smell are those which are least 
complicated by accessories of this sort. Thus, particles 
of musk diffuse themselves with great rapidity through 
the nasal passages, and give rise to the sensation of 
a powerful odour. But beyond a broad notion that 
the odour is in the nose, this sensation is unaccompanied 
by any ideas of locality and direction. Still less does 

Jt give rise to any conception of form, ox m^, w Iotc^^ 
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than by a process of abstract reasoning, is afforded by 
our sense of roundness. 

Anyone taking a marble between two fingers will say 
that he feels it to be a single round body ; and he will 
probably be as much at a loss to answer the question 
how he knows that it is round, as he would be if he 
were asked how he knows that a scent is a scent. 

Nevertheless, this notion of the roundness of the 
marble is really a very complex judgment, and that it 
is so may be shown by a simple experiment. If the 
index and middle fingers be crossed, and the marble 
placed between them, so as to be in contact with both, 
it is utterly impossible to avoid the belief that there 
are two marbles instead of one. Even looking at the 
marble, and seeing that there is only one, does not 
weaken the apparent proof derived from touch that 
there are two.^ 

The fact is, that our notions of singleness and round- 
ness are, really, highly complex judgments based upon 
a few simple sensations ; and when the ordinary con- 
ditions of those judgments are reversed, the judgment 
is also reversed. 

With the index and the middle fingers in their ordinary 
position, it is of course impossible that the outer sides 
of each should touch opposite surfaces of one spheroidal 
body. If, in the natural and* usual position of the 
fingers, their outer surfaces simultaneously give us the 
impression of a spheroid (which itself is a complex 
judgment), it is in the nature of things that there must 
be two spheroids. But, when the fingers are crossed 
over the marble, the outer side of each finger is really 
in contact with a spheroid ; and the mind, taking no 
cognizance of the crossing, judges in accordance with 
its universal experience, that two spheroids, and not 
one, give rise to the sensations which are perceived. 

5. Phenomena of this kind are not uncommonly called 
delusions of the senses; but there is no such thing as 
a fictitious, or delusive, sensation. A sensation must 

' A ludicrous form of this experiment is to apply the crossed fingers to the 
end of the nose, when ^ it at once appears double ; and, in spite of the 
absurdity of the conviction, the mind cannot expel it, so long as the sensa- 
iufjjs last. 
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his visions, which sometimes take the forms of devils, 
sometimes of creeping animals, but almost always of 
something fearful or loathsome, will not doubt the inten- 
sity of subjective sensations in the domain of vision. 

7. But that illusive visions of great distinctness should 
appear, it is not necessary for the nervous system to be 
thus obviously deranged. People in the full possession of 
their faculties, and of high intelligence, may be subject to 
such appearances, for which no distinct cause can be 
assigned. An excellent illustration of this is the famous 
case of Mrs. A. given by Sir David Brewster, in his 
*• Natural Magic." (See Appendix.) 

It should be mentioned that Mrs. A. was naturally a. 
person of very vivid imzigination, and that, at the time the 
most notable of these illusions appeared, her health was 
weak from bronchitis and enfeebled digestion. 

It is obvious that nothing but the singular courage and 
clear intellect of Mrs. A. prevented her from becoming a 
mine' of ghost stories of the most excellently authenticated 
kind, ^d the particular value of her history lies in its 
showing, that the clearest testimony of the most un- 
impeachable witness may be quite inconclusive as to the 
objective reality of something which the witness has seen. 

Mrs. A. undoubtedly saw what she said she saw. The 
evidence of her eyes as to the existence of the apparitions, 
and of her cars to those of the voices, was, in itself, as 
perfectly trustworthy as their evidence would have been 
had the objects really existed. For there can be no doubt 
that exactly those parts of her retina which would have 
been affected by the image of a cat, and those parts of 
her auditory organ which would have been set vibrating 
by her husband's voice, or the portions of the sensorium 
with which those organs of sense are connected, were 
thrown into a corresponding state of activity by some 
internal cause. 

What the senses testify is neither more nor less than the 
fact of their own affection. As to the cause of that affec- 
tion they really say nothing, but leave the mind to form 
its own judgment on the matter. A hasty or superstitious 
person in Mrs. A.'s place would have formed a wrong 
judgment, and would have stood by it on the plea that 
"she must believe her senses " 
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is excited^ the luminous sensation is referred by tJie mind 
to some point outside the body, in the direction of the 
optic axis. 

It is for this reason that when a phosphene is created 
by pressure, say on the outer and lower side of the eye- 
ball, the luminous image appears to lie above, and to the 
inner side of, the eye. Any external object which could 
produce the sense of light in the part of the retina pressed 
upon must, owing to the inversion of the retinal images 
(see Lesson IX. § 23), in fact occupy this position ; and 
hence the mind refers the light seen to an object in that 
position. 

1 1. The same kind of explanation is applicable to the 
apparent paradox that, while all the pictures of external 
objects are certainly inverted on the retina by the refract- 
ing media of the eye, we nevertheless see them upright 
It is difficult to understand this, until one reflects that the 
retina has, in itself, no means of indicating to the mind 
which of its parts lies at the top, and which at the bottom ; 
and that the mind learns to call an impression on the 
retina high or low, right or left, simply on account of the 
association of such an impression with certain coincident 
tactile impressions. In other words, when one part of the 
retina is affected, the object causing the affection is found 
to be near the right hand ; when another, the left.; when 
another, the hand has to be raised to reach the object ; 
when yet another, it has to be depressed to reach it. And 
thus the several impressions on the retina are called 
right, left, upper, lower, quite irrespectively of their real 
positions, of which the mind has, and can have, no 
cognizance. 

1 2. When an external body is ascertained by touch to 
be simple, it forms but one image on the retina of a single 
eye; and when two or more images fall on the retina of 
a single eye, they ordinarily proceed from a corresponding 
number of bodies which are distinct to the touch. 

Conversely, the sensation of two or more images is 
judged by the mind to proceed from two or more objects. 

If two pin-holes be made in a piece of cardboard at a 

distance less than the diameter of the pupil, and a small 

object like the head of a pin be held pretty close to the 

eye, and viewed through these "holes, two Ynvai'ges o£ the 
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inches from the eye, appears blurred and indistinct — the eye 
not being capable of adjustment to so short a focus. If a 
small hole be made in a piece of card, the circumferential 
rays which cause the blur are cut off, and the image 
becomes distinct. But at the same time it is magnified, 
or looks bigger, because the image of the pin, in spite of 
the loss of the circumferential rays, occupies a much 
larger extent of the retina when close than when distant. 
All convex glasses produce the same effect — while concave 
• lenses diminish the apparent size of an object, because 
they diminish the size of its image on the retina. 

1 5. The moon, or the sun, when near the horizon appear 
very much larger than they are when high in the sky. 
When in the latter position, in fact, we have nothing to 
compare them with, and the small extent of the retina 
which their images occupy suggests small absolute size. 
But as they set, we see them passing behind great trees and 
buildings which we know to be very large and very distant, 
and yet occupying a larger space on the retina than the 
latter do. Hence the vague suggestion of their larger 
size. 

16. If a convex surface be lighted from one side, the side 
towards the light is bright — that turned from the light, 
dark, or in shadow ; while a concavity is shaded on the 
side towards the light, bright on the opposite side. 

If a new half-crown, or a medal with a well-raised head 
upon its face, be lighted sideways by a candle, we at once 
know the head to be raised (or a cameo) by the disposition 
of the light and shade ; and if an intaglio, or medal on 
which the head is hollowed out, be lighted in the same 
way, its nature is as readily judged by the eye. 

But now, if either of the objects thus lighted be viewed 
with a convex lens, which inverts its position, the light and 
dark sides will be reversed. With the reversal the judg- 
ment of the mind will change, so that the cameo will be 
regarded as an intaglio, and the intaglio as a cameo ; 
for the light still comes from where it did, but the cameo 
ap[)ears to have the shadows of an intaglio, and vice versd. 
So completely, however, is this interpretation of the facts 
as a matter of judgment, that if a pin be stuck beside the 
medal so as to throw a shadow, the pin and its shadow, 
being reversed by the lens, will suggest tYvaxOdt ^vc^cxivwv 
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centres of the yellow spots, both images are seen sepa- 
rately, and we have double vision. In squinting, the axes 
of the two eyes do not converge equally towards the object 
viewed. In consequence of this, when the centre of the 
image formed by one eye falls on the centre of the yellow 
spot, the corresponding part of that formed by the other 
eye does not, and double vision is the result. 

For simplicity's sake we have supposed the images to 
fall on the centre of the yellow spot. But though vision is 
distinct only in the yellow spot, it is not absolutely limited 
to it ; and it is quite possible for an object to be seen as a 
single object with two eyes, though its images fall on the 
two retinas outside the yellow spots. All that is neces- 
sary is that the two spots of the retinas on which the images 
fall should be similarly disposed towards the centres of 
their respective yellow spots. Any two points of the two 
retinas thus similarly disposed towards their respective 
yellow spots (or more exactly to the points in which the 
optic axes end), are spoken of as corresponding points; 
and any two images covering two corresponding areas 
are conceived of as coming from a single object. It is 
obvious that the inner (or nasal) side of one retina corre- 
sponds to the outer (or cheek) side of the other. 

19. In single vision with two eyes, the axes of the two 
eyes, of the movements of which the muscular sense gives 
an indication^ cut one another at a greater angle when the 
object approaches, at a less angle when it goes further off. 

Conversely, if without changing the position of an 
object, the axes of the two eyes which view it can be made 
to converge or diverge^ the object will seem to approach or 
go further off. 

In the instrument called the pseudoscope, mirrors or 
prisms are disposed in such a manner that the angle at 
which rays of light from an object enter the two eyes, can 
be altered without any change in the object itself ; and 
consequently the axes of these eyes are made to converge or 
diverge. In the former case the object seems to approach ; 
in the latter, to recede. 

20. When a body of moderate size, ascertained by touch 
to be solid, is viewed with both eyes, the images of it, 

y^r/v^// ^ /^ two eyes, are necessarily different (one 
sA^ze///f^ f/tor^ qf its right side^ the other of iU le/t side^» 
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LESSON XL 

THE NERVOUS SYSTEM AND INNERVATION. 

1. The sensory organs are, as we have seen, the chan- 
nels through which particular physical agents are enabled 
to excite the sensor>' nerves with which these organs are 
connected ; and the activity of these nerves is evidenced 
by that of the central organ of the nervous system, which 
activity becomes manifest as a state of consciousness — 
the sensation. 

We have also seen that the muscles are instruments by 
which a motor nerve, excited by the central organ with 
which it is connected, is able to produce motion. 

The sensory nerves, the motor nerves, and the central 
organ, constitute the greater part of the nervous system^ 
which, with its function of innervaiion, we must now study 
somewhat more closely, and as a whole. 

2. The nervous apparatus consists of two sets of nerves 
and nerve-centres, which are intimately connected together 
and yet may be conveniently studied apart. These are 
the cerebrospinal system and the sympathetic system. 
The former consists of the cerebrospinal axis (composed 
of the brain and spinal cord) and the cerebral and spinal 
nerves^ which are connected with this axis. The latter 
comprises the chain of sympathetic gan^lia^ the nerves 
which they give off, and the nervous cords by which they 
are connected with one another and with the cerebro- 
spinal nerves. 

Nerves are made up entirely of nerve-fibres, the struc- 
ture of which is somewhat different m the cexebTo-s^mtval 
and in the sympathetic systems. (See "Lesson 'X\\.,\ \^>j 
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the interior. And this gr^ matter^ as it is called, is so 
disposed that, in a transverse section, it looks something 
like a crescent, with one end bigger than the other, and 
with the concave side turned outwards. The two ends of 
the crescents are called its horns or cornua (Fig. 82, e e), 
the one directed forwards being the anterior cornuj the 
one turned backwards the posterior cornu (Fig. 82, ad). 
The convex sides of the cornua of the grey matter approach 
one another, and are joined by the bridge which contains 
the central canal. 

There is a fundamental difference in structure between 
the grey and the white matter. The white matter consists 
entirely of nerve-fibres supported in a delicate framework 
of connective tissue, and accompanied by blood-vessels. 
Most of these fibres run lengthways in the cord, and con- 
sequently, in a transverse section, the white matter is really 
composed of a multitude of the cut ends.of these fibres. 

The grey matter, on the other hand, contains in addi- 
tion, a number of nerve-cells or ganglionic corpuscles, 
some of them of considerable size. These cells are wholly 
absent in the white matter. 

Many of the nerve-fibres of which the anterior roots are 
composed may be traced into the anterior cornu, while 
those of the posterior roots enter the posterior cornu. 

6. The physiological properties of the organs now de- 
scribed are very remarkable. 

If the trunk of a spinal nerve be irritated in any way, as 
by pinching, cutting, galvanizing, or applying a hot body, 
two things happen : in the first place, all the muscles to 
which filaments of this nerve are distributed, contract ; in 
the second, acute pain is felt, and the pain is referred to 
that part of the skin to which fibres of the nerve are dis- 
tributed. In other words, the effect of irritating the trunk 
of a nerve is the same as that of irritating its component 
fibres at their terminations. 

The effects just described will follow upon irritation of 
any part of the branches of the nerve : except that when a 
branch is irritated, the only muscles directly affected, and 
the only region of the skin to which pain is referred, will 
be those to which that branch sends nerve-fibres. And 
these effects will follow upon irr'ilal\OTi oi ^tv^ Tjart of a 
nerve from its smallest branches wp to \\v^ ^vcsX. q\ \\\ 
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motor nerve is connected with nothing that can make that 
change apparent save a muscle : and a sensory nerve 
with nothing that can show an effect but the central 
nervous system. 

9. It will be observed that in all the experiments men- 
tioned there is evidence that, when a nerve is irritated, a 
something, probably a change in the arrangement of its 
molecules, is propagated along the nerve-fibres. If a 
motor or a sensory nerve be irritated at any point, con- 
traction in the muscle, or sensation in the central organ, 
immediately follows. But if the nerve be cut, or even 
tightly tied at any point between the part irritated and 
the muscle or central organ, the effect at once ceases, just 
as cutting a telegraph wire stops the transmission of the 
electric current or impulse. When a limb, as we say, 
" goes to sleep," it is because the nerves supplying it have 
been subjected to pressure sufficient to destroy the nervous ^ 
continuity of the fibres. We lose voluntary control over, 
and sensation in, the limb, and these powers are only 
gradually restored as that nervous continuity returns. 

Having arrived at this notion of an impulse travelling 
along a nerve, we readily pass to the conception of a sensory 
nerve as a nerve which, when active, brings an impulse to 
the central organ, or is afferent; and of a motor nerve, as a 
nerve which carries away an impulse from the organ, or is 
efferent. It is very convenient to use these terms to de- 
note the two great classes of nerves ; for, as we shall find 
(§ 12), there are afferent nerves which are not sensory in 
the sense of giving rise to a change of consciousness, or 
sensation, while there are efferent nerves which are not 
motor, in the sense of inducing muscular contraction. 
Such, for example, are the nerves by which the electrical 
fishes give rise to discharges of electricity from peculiar 
organs to which those nerves are distributed. The pneu- 
mogastric when it stops the beat of the heart cannot be 
called a motor, and yet is then acting as an efferent nerve. 

« Their "nervous continuity"— because their physical continuity is not 
interrupted as a whole, but only that of the substance which acts as a con- 
ductor of the nervous influence ; or, it may be that only the conducting 
power of a part of that substance is interfered with. Imagine a telegraph 
cable, made of delicate caoutchouc^ tubes, filled with mercury — a squeeze 
would interrupt the "electrical continuity" of the cable, without destroying 

jts physical continuity. This analogy may not be txaicX., V>m\, \.x.\is\v% x^ xoiak^ 

tAe nervous pbenomenz intelligible. 
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the cord is a great mixed motor and sensory nerve. But 
it is also much more. For if the trunk of a spinal nerve 
be cut through, so as to sever its connection with the cord, 
an irritation of the skin to which the sensory fibres of that 
nerve are distributed, produces neither motor nor sensory 
effect. 

But if the cord be cut through anywhere so as to sever 
its connection with the brain, irritation applied to the skin 
of the parts supplied with sensory nerves from the part of 
the cord below the section, though it gives rise to no sen- 
sation, may produce violent motion of the parts supplied 
with motor nerves from the same part of the cord. 

Thus, in the case supposed above, of a man whose legs 
are paralysed and insensible from spinal injury, tickling 
the soles of the feet will cause the legs to kick out convul- 
sively. And as a broad fact, it may be said that, so long 
as both roots of the spinal nerves remain connected with 
the cord, irritation of any afferent nerve is competent to 
give rise to excitement of some, or the whole, of the efferent 
nerves so connected. 

If the cord be cut across a second time at any distance 
below the first section, the efferent nerves below the second 
cut will no longer be affected by irritation of the afferent 
nerves above it — but only of those below the second sec- 
tion. Or, in other words, in order that an afferent impulse 
may be converted into an efferent one by the spinal cord, 
* the afferent nerve must be in uninterrupted material com- 
munication with the efferent nerve, by means of the sub- 
stance of the spinal cord. 

This peculiar power of the cord, by which it is com- 
petent to convert afferent into efferent impulses, is that 
which distinguishes it physiologically, as a central organ, 
from a nerve, and is called reflex action. It is a power 
possessed by the grey matter, and not by the white sub- 
stance of the cord. 

13. The number of the efferent nerves which may be ex- 
cited by the reflex action of the cord, is not regulated alone 
by the number of the afferent nerves which are stimulated 
by the irritation which gives rise to the reflex action. Nor 
does a simple excitation of the afferent nerve by any means 
necessarily imply sl corresponding simplicity in the ar- 
rsmgement and succession of the receded motox \m\.\3Na^^. 
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more striking, if the leg be held tight and so prevented 
from moving, the other leg will begin to rub off the acid. 
Sometimes if the drop be too large or too strong both legs 
begin at once, and then frequently the movements spread 
from the legs all over the body, and the whole animal is 
thrown into convulsions. 

Now all these various movements, even the feeblest and 
simplest, require a certain combination of muscles, and 
some of them, such as the act of rubbing off the acids, are 
in the highest degree complex. In all of them, too, a cer- 
tain purpose or end is evident, which is generally either to 
remove the body or part of the body from the stimulus, 
from the cause of irritation, or to thrust away the offending 
object from the body : in the more complex movements 
such a purpose is strikingly apparent. 

It seems, in fact, that in the frog's spinal cord there are 
sets of nervous machinery destined to be used for a variety 
of movements, and that a stimulus passing along a sensory 
nerve to the cord sets one or the other of these pieces of 
machinery at work. 

14. Thus the spinal cord is, in part, merely a trans- 
mitter of impulses to and from the brain ; but, in part, it 
is an independent nervous centre, capable of originating 
combined movements upon the reception of the impulse 
of an afferent nerve. 

Regarding it merely as a conductor, the question arises, 
do all parts of it conduct all kinds of impulses indifferently? 
Or are certain kinds of impulses communicated only 
through particular parts of the cord } 

The following experiments furnish a partial reply to 
these questions : — 

If the anterior half of the white matter of the dorsal 
part of the cord be cut through, the will is no longer 
capable of exerting any influence on the muscles which 
are supplied with nerves from the lower segment of the 
cord. A similar section, carried through the posterior 
half of the white matter in this region, has no effect on the 
transmission of voluntary impulses. It is obvious, there- 
fore, that in the dorsal part of the cord, nervous impulses 
from the brain are sent through the anterior part of the 
white matter. 
The posterior half of the w\\\te TcvaXXex xtv^c^ \ifc oax 
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oblongata^ passes insensibly into, and in its lower part 
has the same structure as, the spinal cord. 

Above, however, it widens out, and the central canal, 
spreading with it, becomes a broad cavity, which (leaving 
certain anatomical minutiae aside) may be said to be 
widely open above. This cavity is termed the fourth 
ventricle. Overhanging the fourth ventricle is a great 
laminated mass, \h& cerebellum {Cb, Figs. 83, 84, 85). On 
each side, this org^n sends down several layers of trans- 
verse fibres, which sweep across the brain and meet in the 
middle line of its base, forming a kind of bridge (called 
pons Varolii^ Fig. 83) in front of the medulla oblongata. 
The longitudinal nerve-fibres of the medulla oblongata 
pass forwards, among, and between these layers of trans- 
verse fibres, and become visible, in. front of the pons, as 
two broad diverging bundles, called crura cerebri (Fig. 
83). Above the crura cerebri lies a mass of nervous 

, matter raised up into four hemispherical elevations, called 
corpora quadrigemina (C.Q. Fig. 85). Between these 
and the crura cerebri is a narrow passage, which leads 
from the fourth ventricle into what is termed the third 
ventricle of the brain. The third ventricle is a narrow 
cavity lodged between two great masses of nervous 
matter, called optic thalamic into which the crura cerebri 
pass. The roof of the third ventricle is merely membra- 
nous ; and a peculiar body of unknown function, the 
pineal body^ is connected with it. The floor of the third 
ventricle is produced into a sort of funnel, which ends in 
another anomalous organ, XhQ pituitary body {Pt. Fig. 85 ; 
P. Fig. 83). 

The third ventricle is closed, in front, by a thin layer 
of nervous matter ; but, beyond this, on each side, there 
is an aperture in the boundary wall of the third ventricle 
which leads into a large cavity. The latter occupies the 
centre of the cerebral hemisphere^ and is called the lateral 
ventricle. Each hemisphere is enlarged backwards, down- 
wards, and forwards into as many lobes; and the lateral 
ventricle presents corresponding prolongations, or comua. 
The floor of the lateral ventricle is formed by a mass of 
nervous matter, called the corpus striatum^ into which the 
fihres that have traversed the optic thalamus enter (Fig. 

8s, C.S.). 
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joined by a thick mass of transverse fibres, the corpus 
callosum (Fig. 83, CC), 

The outer surfaces of the hemispheres are marked out 
into convolutions^ or gyri^ by numerous deep fissures (or 
sulc£)y into which the pia mater enters. One large and 
deep fissure which separates the anterior from the middle 
division of the hemisphere is called the fissure of Sylvius 
(Fig. 83). 

17. In the medulla oblongata the arrangement of the 
white and grey matter is substantially similar to that 
which obtains in the spinal cord ; that is to say, the white 
matter is external and the grey internal. But in the cere- 
bellum and cerebral hemispheres^ the grey matter is external 
and the white internal ; while, in the optic thalami and 
corpora striata^ grey matter and white matter are variously 
intermixed. 

18. Nerves are given off from the brain in pairs, which 
succeed one another from before backwards, to the num- 
ber of twelve (Fig. 85). 

The first pair, counting from before backwards, are the 
olfactory nerves, and the second are the optic nerves. The 
functions of these have already been described. 

The third pair are called motores oculi (movers of the 
eye), because they are distributed to all the muscles of the 
eye except two. 

The nerves of the fourth pair and of the sixth pair 
supply, each, one of the muscles of the eye, on each side ; 
the fourth going to the superior oblique muscle, and the 
sixth to the external rectus. Thus the muscles of the eye, 
small and close together as they are, receive their nervous 
stimulus by three distinct nerves. 

Each nerve of the fifth pair is very large. It has two 
roots, a motor and a sensory, and further resembles a 
spinal nerve in having a ganglion on its sensory root. It 
is the nerve which supplies the skin of the face and the 
muscles of the jaws, and, having three chief divisions, is 
often called trigeminal. One branch containing sensory 
£bres, supplies the front of the tongue an^ \^ ofe^ ^"^Vatv 
o/'as tAejr^j/a/cfry, 
The s^e/t/Apair furnish with motot tvexv^s \?^^ ^^^^'^^'* 
of the face, and some other musdes, aivd ax^ c^W^^ Jocxal, 
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The eighth pair are the auditory nerves. As the seventh 
and eighth pairs of nerves leave the cavity of the skull 
together, they are often, and especiallv by English writers 
on anatomy, reckoned as one, divided into portio dura, or 
hard part (the facial) ; dcaA portio mollis, or soft part (the 
auditory) of the " seventh " pair. 

The ninth pair in order, the glossopharyngeal, are 
mixed nerves ; each being, partly, a nerve of taste, and 
supplying the back of the tongue, and, partly, a motor 
nerve for the pharyngeal muscles. 




Fig. 85. — A Diagram illustrating the Arrangement of thb Parts 
OF the Erain and the Origin of the Nerves. 

H. the cerebral hemispheres ; C.S. corpus striatum ; Th, optic thalamus ; 
P. pineal body; Pt. pituitary body ; C.Q. corpora quadrigemina ; Cb. cere- 
bellum ; M, medulla oblongata ; /. — A7/. tne pairs of cerebral nerves; 
Sp. I, Sp. 2, the first and second pairs of spinal nerves. 

The tenth pair is formed by the two pneumogastric 
nerves, often called the par vagum» These very impor- 
tant nerves, and the next pair, are the only cerebral nerves 
which are distributed to regions of the body remote from 
the head. The pneumogastric supplies the lax^^^*^^ 
lungs, the liver, and the stomach, ^tv^ \yc^xv.0cvft.'3» ^V >&. ^ax^ 
connected with the heart. 
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The eh'Venth pair again, called spinal accessory^ differ 
widely from all the rest, in arising from the sides of the 
spinal marrow, between the anterior and posterior roots of 
the dorsal nerves. They run up, gathering fibres as they 
go, to the medulla oblongata, and then leave the skull by 
the same aperture as the pneumogastric and glossopha- 
ryngeal. 1 hey are purely motor nerves, supplying certain 
muscles of the neck, while the pneumogastric is mainly 
sensory, or at least afferent. As, on each side, the glosso- 
pharyngeal, pneumogastric, and spinal accessory nerves 
leave the skull together, they are frequently reckoned as 
one pair, which is then counted as the eighth. 

The last two nerves, by this method of counting, become 
the ninth pair, but they are really the twelfth. They are 
the motor nerves which supply the muscles of the tongue. 

19. Of these nerves, the two foremost pair do not pro- 
perly deserve that name, but are really processes of the 
brain. The olfactory pair are prolongations of the cere- 
bral hemispheres ; the optic pair, of the walls of the third 
ventricle .; and it is worthy of remark, that it is only these 
two pair of what may be called false nerves which arise 
from any part of the brain but the medulla oblongata — 
all the other true nerves being indirectly, or directly, 
traceable to that part of the brain, while the olfactory and 
optic nerves are not so traceable. 

20. As might be expected from this circumstance 
alone, the medulla oblongata is an extremely important 
part of the cerebro-spinal axis, injury to it giving rise to 
immediate evil consequences of the most serious kind. 

Simple puncture of one side of the floor of the fourth 
ventricle produces for a while an increase of the quantity 
of sugar m the blood, beyond that which can be destroyed 
in the organism. The sugar passes off by the kidneys, 
and thus this slight injury to the medulla produces a 
temporary disorder closely resembling the disease called 
diabetes. 

More extensive injury arrests the respiratory processes, 
the medulla oblongata being the nervous centre which 
^ves rise to the contractions of iVv^ ies^\x^\ox>j \a>\sc.les 
*ind keeps the respiratory pump at vjotVl. 
T/ie motor nerves engaged in ordmacrj T€^?»vvc^\:\a^^^^ 
certain spinal nerves, vizi the intercosta\ xverv^^ s>^^^ViV2.'3, 
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the intercostal muscles and \h& phrenic nerve supplying 
the diaphragm. These motor nerves are undoubtedly 
brought into action by impulses proceeding at intervals 
from the medulla oblongata. But how these rhythmic 
impulses originate in the medulla oblongata is not very 
clear. There are reasons for thinking that the presence 
of venous blood in the lungs acts as a stimulus to the 
endings of the pneumogastric nerves, and sets going 
impulses which, travelling up along tliose nerves to the 
medulla oblongata, there produce respiratory movements 
by reflex action. But this is not all, for respiration, 
though profoundly modified, is not arrested by division 
or destruction of the pneumogastric nerves. Probably 
the medulla oblongata contains a nervous mechanism 
which acts as an independent centre in a manner some- 
what similar to the ganglia, of the heart ; and so goes on 
of itself, though extremely sensitive to, and thus continually 
influenced by, the condition of the blood not only in the 
lungs but all over the body. 

If the injuries to the medulla oblongata be of such a 
kind as to irritate the roots of the pneumogastric nerve 
violently, death supervenes by the stoppage of the heart's 
action in the manner already described (See Lesson II.) 

21. The afferent impulses, which are transmitted through 
the cord to the brain and awake sensation there, cross, 
as we have seen, from one-half of the cord to the other, 
immediately after they enter it by the posterior roots of 
the spinal nerves ; while the efferent, or volitional, impulses 
from the brain remain, throughout the cord, in that half 
of it from which they will eventually pass by the anterior 
roots. But at the lower and front part of the medulla 
oblongata, these also cross over ; and the white fibres 
which convey them are seen passing obliquely from left 
to right and from right to left in what is called the 
decussation of the anterior pyramids (Fig. 83). Hence, 
any injury, at a point higher up than the decussation, to 
the nerve-fibres which convey motor impulses from the 
brain, paralyses the muscles of the body and limbs of 
the opposite side. 

Division, therefore, of one of live crura cerebri^ 'sa^ '^^ 
right, gives rise to paralysis oi X\ve \el\. ^\^^ ^^ "^^^^^^es. 
and limbs, and the animal operaleOL\rpoxv l-a^^ on^x \» •^«»> 
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left side, because the limbs of that side are no longer able 
to support the weight. 

But, as the motor nerves given off from the brain itself 
and arising from the medulla above the decussation of 
the pyramids do not cross over in this way, it follows, that 
disease or injury at a given point, on one side of the 
medulla oblongata, involving at once the course of the 
volitional motor channels to the spinal marrow, and the 
origins of the cranial motor nerves, will affect the same 
side of the head as that of the injury, but the opposite 
side of the body. 

If the origin of the left facial nerve, for example, be 
injured, and the volitional motor fibres going to the cord 
destroyed, in the upper part of the medulla oblongata, the 
muscles of the face of the left side will be paralysed, and 
the features will be drawn over to the opposite side, the 
muscles of the right side having nothing to counteract 
their action. But it is the right arm, and the right leg 
and side of the body, which will be powerless. 

22. The functions of most of the parts of the brain 
which lie in front of the medulla oblongata are, at present, 
very ill understood ; but it is certain that extensive 
injury, or removal, of the cerebral hemispheres puts an 
end to intelligence and voluntary movement, and leaves 
the animal in the condition of a machine, working by the 
reflex action of the remainder of the cerebro-spinal axis. 

We have seen that in the frog the movements of the 
body which the spinal cord alone, in the absence of the 
whole of the brain including the medulla oblongata, is 
capable of executing, are of themselves strikingly complex 
and varied. But none of these movements are voluntary 
or spontaneous ; they never occur unless the animal be 
stimulated. Removal of the cerebral hemispheres is alone 
sufficient to deprive the frog of all spontaneous or voluntary 
movements ; but the presence of the medulla oblongata 
and other parts of the brain (such as the corpora quadri- 
gemina, or what corresponds to them in the frog, and the 
cerebellum) renders the animal master of movements of a 
/ar higher nature than when the spinal cord only is left. 
In the latter case the animal docs ivo\. "bte-axXi^ ^\v^n 
left to Itself, lies flat on the taUc m\.\i \Vs ^ox^ \vk^^ 
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smell causes a grimace, there is a. reflex action through 
the same motor nerve, while the olfactory nerves constitute 
the afferent channels. In these cases, therefore, reflex 
action must be effected through the brain, all the nerves 
involved being cerebral 

When the whole body starts at a loud noise, the 
afferent auditory nerve gives rise to an impulse which 
passes to the medulla oblongata, and thence affects the 
great majority of the motor nerves of the body. 

24. It may be said that these are mere mechanical ac- 
tions, and have nothing to do with the operations which 
we associate with intelligence. But let us consider what 
takes place in such an act as reading aloud. In this case, 
the whole attention of the mind is, or ought to be, bent 
upon the subject-matter of the book ; while a multitude of 
most delicate muscular actions are going on, of which the 
reader is not in the slightest degree aware. Thus the book 
is held in the hand, at the right distance from the eyes ; 
the eyes are moved from side to side, over the lines and 
up and down the pages. Further, the most delicately 
adjusted and rapid movements of the muscles of the lips, 
tongue, and throat, of the laryngeal and respiratory muscles, 
are involved in the production of speech. Perhaps the 
reader is standing up and accompanying the lecture with 
appropriate gestures. And yet every one of these muscular 
acts may be performed with utter unconsciousness, on his 
part, of anything but the sense of the words in the book. 
In other words, they are reflex acts. 

25. The reflex actions proper to the spinal cord itself 
are natural^ and are involved in the structure of the cord 
and the properties of its constituents. By the help of the 
brain we may acquire an infinity of artificial reflex actions, 
that is to say, an action may require sul our attention and 
all our volition for its first, or second, or third performance, 
but by frequent repetition it becomes, in a manner, part of 
our organization, and is performed without volition, or even 
consciousness. 

As everyone knows, it takes a soldier a long time to learn 

his drill — for instance, to put himself into the attitude of 

" attention'' at the instant the word of command is heard. 

But, after a time^ the sound of the word g;ives rise to the 

act, whether the soldier be thinking, o^ \X, ot wox., TV^x^ 
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LESSON XII. 

HISTOLOGY: OR, THE MINUTE STRUCTURE OF THE 

TISSUES. 

1. The various organs and parts of the body, the work- 
ing of which has now been described, are not merely 
separable by the eye and the knife of the anatomist into 
membranes, nerves, muscles, bones, cartilages, and so 
forth ; but each of them is, by the help of the microscope, 
susceptible of a finer analysis, into certain minute con- 
stituents which, for the present, may be considered the 
ultimate structural elements of the body. 

2. There is a time when the human body, or rather its 
rudiment, is of one structure throughout, consisting of a 
more or less transparent matrix, very similar in nature to 
the substance of which the white blood-corpuscles are 
composed, and often called protoplasm^ through which 
are scattered minute rounded particles of a different 
optical aspect. These particles are called nuclei; and 
as the matrix, or matter in which these nuclei are im- 
bedded, readily breaks up into spheroidal masses, one for 
each nucleus, and these investing masses easily take on 
the form of vesicles or cells, this primitive structure is 
called cellular, and each cell is said to be nucleated. 

The material of the body when in this stage of growth 
is often spoken of as indifferent tissue, A very fair idea 
of its nature may be formed by supposing a multitude of 
white blood-corpuscles to be collected together into a soft 
but yet semi-solid mass. 
In the present use of the term any d\s\fvTvcV YcvaL-s^ ol V^o- 
toplasm or living maLteriail may be caWed a celL \Tv^L\^fcN^s^. 
niajority of cases, however, the ceW cotvtams a nucleus 
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distinguished as has just been said from the cellsubstanci 
in which it lies. Very frequently, but by no means always, 
the outer layer of the cell- sub stance is hardened into a 
distinct casing or envelope, the cell-ivail, the cell then 
becoming an undeniable vesicle, and the cell- substance 
being often spoken of as the cell conlenls. The cell- 
substance may remain as soft semi-solid protoplasm, or 
may be hardened in various ways, or may be wholly or 
partially liquefied ; in the latter case a cell-wall is naturally 
always present. 



-© 




A. vertical s«clioD ofalaycTofcpidcnnu, orcEhlheliun 
deep lutlicE. B, Uleial views of iha cells or whTch ihii 1 
diflcrent heighti: 4. cell in the deepest Jayer^ADd Ihei 
formedandlea'r altered;^, cell higher UP) and thererore: 
c, d, cell* itill more channd. and mucli flsUened. C, ica 
rrom Ibeir flat udes. (MaEniiied about ajo diamelRi.) 

As development goes on, the nuclei simply ii 
number by division and subdivision, without undergoing 
any marked change;' but the substance in which they arc 

' Each nucleui divides into two, wd cacViVAt id>a vciv^iev''''^'^ 
lia of the uarent nucleus. While tliit U ttoina 00 \1« tkjh-o. tw^ ■«" 
ooc/ei- aJso ^ia. each new nucleu* \.a™i^a ■J«.<:.\^ ri( "kI?-""-^?^ 
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imbedded, becomes very variously modified, both chemi- 
cally and structurally, and gives rise to those peculiarities 
by which completely formed tissues are distinguished from 
one another. 

3. In the adult body the simplest forms of tissue, ue. 
those in which the matrix has been least changed, are 
perhaps the various kinds of epithelium (including the 
epidermis). 

These are distinctly cellular in nature, that is, the portion 
of the matrix belonging to each nucleus can, with a little 
pains, be recognized as distinct from the portions belonging 
to the other nuclei. In fact they differ from white blood cor- 
puscles chiefly in two points : firstly, the matrix of each cell 
becomes more or less chemically changed so as to lose its 
soft protoplasmic nature (and at the same time its power 
of executing amoeboid movements) ; and, secondly, takes 
on a rigid definite form, which may or may not be globular. 
These epithelial tissues are constantly growing in their 
deepest parts, and are, as constantly, being shed at their 
surfaces. 

The deep part consists of a layer of such globular, 
nucleated cells as have been mentioned,, the number of 
which is constantly increasing by the spontaneous division 
of the nuclei and cells. The increase in number thus 
effected causes a thrusting of the excess of cell population 
towards the surface ; on their way to which they become 
flattened, and their walls acquire a homy texture. Arrived 
at the surface, they are mere dead homy scales, and are 
thrown off (Fig. 86). 

Epithelium of the kind just described is called squamous. 
It is found in the mouth, and its scales may always be 
obtained in abundance by scraping the inside of the lip. 

Epidermis consists of exactly similar cells, except that 
the conversion of the topmost cells into homy scales is 
still more complete. The nucleus, too, is eventually lost. 
The deep layers of epidermis, consisting of softer ceUs not 
yet flattened or made homy, often form quite a distinct 
part, and these are often spoken of as the rele mucosum. 
(See Fig. 32, dy Fig. 88, C, d.^ . ^ , 

In other parts of the alimentatv ttatX.,as vn. 'Cnft\T*K&. 
tines, the fuU-groMra epithelial ceWs are v\ace^i\««i>Q^ ^Aa 
^»h one another, and perpendicuUx xo xVe v«ii^tt ^\ 
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They are, in fact, cells with a distinct cell wall, the cell 
contents, or cell substance, of which have been wholly, or 
all but wholly, converted into fat. 

Considerable aggregations of fat cells are constantly 
present in some parts of the body, as in the orbit, and 
about the kidneys and heart ; but elsewhere their presence, 
in any quantity, depends very much on the state of nutri- 
tion. Indeed, they may be regarded simply as a reserve, 
formed from the nutriment which has been taken into the 
body in excess of its average consumption. 

10. Pigment cells are either epidermic, or epithelial, 
cells, in which coloured granules are deposited ; or they 
are connective tissue corpuscles of the deeper parts of the 
body, in which a like deposit occurs. Thus the co?6ur of 
the choroid arises partly from the presence of a layer of 
epithelial cells (see Fig. 74), placed close to the retina, con- 
taining pigment granules, and partly from a large num- 
ber ot* irregularly-shaped, connective tissue corpuscles 
crammed with pigment, which belong to the deeper 
connective tissue layer of the choroid. The pigment 
cells of the frog's web are, for the most part, connective 
tissue corpuscles, containing colouring matter. 

11. Bone is essentially composed of an animal basis 
impregnated with salts of carbonate and phosphate of lime, 
through the substance of which are scattered minute 
cavities — the lacunce^ which send out multitudinous rami- 
fications, called canaliculi. The canaliculi of different 
lacunae unite together, and thus establish a communica- 
tion between the different lacunae. If the earthy matter 
be extracted by dilute acids, a nucleus may be found in 
each lacuna; and if young, ftesh bone be carefully 
examined^ a certain amount of cell substance will be 
found fillmg' up the lacuna round the nucleus ; and, not 
unfrequently, the intermediate substance appears minutely 
fibrillated. In fact bone, if we lay on one side the earthy 
matters, presents very close analogies in its fundamental 
structure with both cartilage and connective tissue. The 
corpuscles lodged in the lacunae correspond to the cor- 
puscles of connective tissue and to the cells of cartilage, 
while the matrix in which the earthy matter is deposited 

corresponds to the matrix of cartWa^e, aiv^ \.o \3afe ^bril- 
-f material of connective tissue. ^T\^^^^ ^x^^ ^Ss^^vvs.^ 
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as the neck, towards which the enamel thins off and joins 
the cement (Fig. 98, A, B). , , , 

Enamel is the hardest tissue of the body, and contams 
not more than 2 per cent, of animal matter. 

The cement coats the fangs, and has the structure of 
true bone ; but as it exists only in a thin layer, it is devoid 
of Haversian canals (Fig. 98, C). 

13. The development of the teeth commences long 
before birth. A groove appears in the gum of each side 
of each jaw ; and, at the bottom of this groove of the 
gum, five vascular and nervous papillcB arise, making 
twenty in all. The walls of the groove grow together, 
between and over each of the papillae, and thus these 
become enclosed in what are called the dental sacs. 

Each papilla gradually assumes the form of the future 
tooth. Next, a deposit of calcific matter takes place at 
the summit of the papillae, and extends thence downwards, 
towards its base. In the crown the deposit takes on the 
form of enamel and dentine ; in the root, of dentine and 
cement. As it increases it encroaches upon the substance 
of the papilla, which remains as the tooth pulp. The 
fully formed teeth press upon the upper walls of the sacs 
in which they are enclosed, and, causing a more or less 
complete absorption of these walls, force their way 
through. The teeth are then, as it is called, cut. 

The cutting of this first set of teeth, called deciduous, 
or mtlk teeth, commences at about six months, and ends 
with the second year. They are altogether twenty in 
number — eight being cutting teeth, or incisors ; four, eye 
teeth, or canines j and eight, grinders, or molars. 

Each dental sac of the milk teeth, as it is formed, gives 
off a little prolongation, which becomes lodged in the 
jaw, enlarges, and develops a papilla from which a new 
tooth is formed. As the latter increases in size, it presses 
upon the root of the milk tooth which preceded it, and 
thereby causes the absorption of the root and the final 
falling out, or shedding, of the milk tooth, whose place it 
takes. Thus every milk tooth is replaced by a tooth of 
what is termed the permanent dentition. The permanent 
incisors and canines are larger than the milk teeth of the 
same name, but otherwise differ l\Ul«t from them. The 
permanent molars^ which replace \!ki^ m\Yis. Tcvo\ai^ ^x^ 
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lemma), forming a tube, through the centre of which runs 

the axis cylinder, which is probably composed of an 
a^regation of very fine filaments. Between the axis 
cylinder and the lube is a fluid, rich in fatty matters, 
from which a solid strongly refracting substance has been 
thrown down and lines ine tube. 

Such is the structure of all the lai^ei 
nerve fibres, which lie, side by side, in 
the trunks of the nerves, bound together 
by delicate connective tissue, and en- 
closed in a sheath of the same substance, 
called the »:urilemma. In the trunks 
of the nerves, the fibres remain perfectly 
distinct from one another, and rarely, 
if ever, divide. But when the nerves 
enter the central organs, and when they 
approach their peripheral terminations, 
the nerve-fibres frequently divide into 
branches. In any case they become 
gradually finer and finer ; until at length, 
axis-cylinder, sheath, and contents are 
no longer separable, and the nerve fibre 
is reduced to a delicate filament, the 
ultimate termination of which, in the 
sensory organs and in the muscles, is 
not yet thoroughly made out. 
Fiu. loi. 17. In Lesson VIII. mention is made 

Smooihornon.stri of peculiar bodies called tactile cor- 
ated musciilar fibre J ^Kjf/^j, which are Oval masses of spe- 
of»MuiUntry,™e cially modified connective tissue in re- 
middio oat havini lation with the ends of the nerves in 
^c'^w'^sh™! '"^^ papilla of the skin. In Fig. 103 
more diitiuaiy the four such papilliB, whlch have been 
fl"rf'*^'^ rendered transparent and stripped of 

mei^T" ^^° their epidermis, are seen, and the largest 

contains a tactile corpuscle {e\ This 
mode, in which nerves not connected with tactile cor- 
puscles end in the skin, is not definitely known. 

In muscles, the nerve-fibre seems to pierce the sarco- 
lemma and to end inside the ultimate muscular fibre in a 
peculiar knob or plate. 
In the brain and spinal cord, ot\ Aie ot^vwt \iaT\4,A \i 
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19. GaHgliortic corpuscles are chiefly found in the cere- 

bro-spinal axis ; in the ganglia of the posterior nerve roots, 
and m those of the sympathetic ; but they occur also 
elsewhere, notably in some of the sensory oi^ans (see 
Lesson IX.). 

They are spheroidal bodies, consisting of a soft semi- 
solid cell substance in the midst of which is a Ia:^e 



h. mher papilla, "ilhoul corpuBclts, bul containing ioops of veBcls, c. (M«g- 

clear and transparent area usually termed the nucleus. 
Within the nucleus again is generally a smaller body 
commonly termed the nucleolus (Fig. lo2, D, a). Each 
ganglionic corpuscle sends off one, two, or more prolonga- 
tions, which may divide and subdivide ; and which, in 
some cases, unite with the prolongations of other gan- 
glionic corpuscles, while, in others, they are continued 
into nerve-fibres. 
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The solids would consist of the elements oxygen, hy- 
drogen, carbon, nitrogen, phosphorus, sulphur, silicon, 
chlorine, fluorine, potassium, sodium, calcium (lithium), 
magnesium, iron (manganese copper, lead), and may be 
arranged under the heads of — 

Proteids. Amyloids. Fats. Minerals. 

Such a body would lose in 24 hours — of water, about 
40,000 grains, or 6 lbs. ; of other matters about 14,500 
grains, or over 2 lbs. ; among which of carbon 4,000 
grains ; of nitrogen 300 grains ; of mineral matters 400 
grains ; and would part, per diem, with as much heat as 
would raise 8,700 lbs. of water 0° to 1° Fahr., which is 
equivalent to 3,000 foot-tons.^ Such a body ought to do 
as miich work as is equal to 450 foot-tons. 

The losses would occur through various organs, thus — by 







Other 








Water. 


Matter. 


N. 


C. 




grs. 


grs. 


grs. 


grs. 


Lungs . . 


. , s,ooo 


12,000 


... 


3,300 


Kidneys . 


. . 23,000 


1,000 


250 


140 


Skin . . 


. . 10,000 


700 


10 


100 


Faeces . . 


. . 2,000 


800 


40 


460 



Total . . . 40,000 14,500 300 4,000 
The gains and losses of the body would be as follows : — 

grs. 

Creditor — Solid dry food 8,000 

Oxygen 10,000 

Water 36,500 

Total 54,500 

grs. 

Debtor— Water 40,000 

Other Matters 14,500 

Total 54,500 

' A foot-ton is the equivalent of the wotV. tequvred to VVCi otk^ toti one foot 
Aig-h. 
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mercury about 9J inches in height ; and would do in 24 
hours an amount of work equivalent to about 90 foot-tons ; 
the work of the whole heart being about 120 foot-tons. 

IV. Respiration. 

Such a body would breathe 1 5 times a minute. 

The lungs would contain of residual air about 100 cubic 
inches, of supplemental or reserve air about 100 cubic 
inches, of tidal air 20 to 30 cubic inches, and of comple- 
mental air 106 cubic inches. 

The vital capacity of the chest — that is, the greatest 
quantity of air which could be inspired or expired — ^would 
be about 230 cubic inches. 

There would pass through the lungs, per diem, about 
350 cubic feet of air. 

In passing through the lungs, the air would lose from 
4 to 6 per cent, of its volume of oxygen, and gain 4 to 5 
per cent, of carbonic acid. 

During 24 hours there would be consumed about 10,000 
grains oxygen ; and produced about 12,000 grains carbonic 
acid, corresponding to 3,300 grains carbon. During the 
same time about 5,000 grains or 9 oz. of water would be 
exhaled by the lungs. 

In 24 hours such a body would vitiate 1750 cubic feet ol 
pure air to the extent of i per cent., or 17,500 cubic feet 
of pure air to the extent of i per 1,000. Taking the amount 
of carbonic acid in the atmosphere at 3 parts, and in ex- 
pired air at 470 parts in 10,000, such a body would require 
a supply per diem of more than 23,000 cubic feet of 
ordinary air, in order that the surrounding atmosphere 
might not contain more than i per 1,000 of carbonic acid 
(when air is vitiated from animal sources with carbonic 
acid to more than i per 1,000, the concomitant impurities 
become appreciable to the nose). A man of the weight 
mentioned (11 stone) ought, therefore, to have at least 800 
cubic feet of well-ventilated space. 

V. Cutaneous Excretion. 

Such a body would throw off by the skin — of water 
about 18 ounces, or lo,oOo grains ; of soVvd rcvatters about 
300 grains ; of carbonic acid abovit iVOOgtam^,mi\\voMx^* 
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APPENDIX B. 



THE CASE OF MRS. A , {See f>, 240.) 

(i) The first illusion to which Mrs. A. was subject, was 
one which affected only the ear. On the 2 1 st of December, 
1830, about half-past four in the afternoon, she was stand- 
ing near the fire in the hall, and on the point of going up 
to dress, when she heard, as she supposed, her husband's 

voice calling her by name : " , , come here \ 

come to me ! " She imagined that he was calling at the 
door to have it opened ; but upon going there and open- 
ing the door, she was surprised to find no person there. 
Upon returning to the fire she again heard the same voice 

calling out very distinctly and loudly, *' , come, come 

here!" She then opened two other doors of the same 
room, and upon seeing no person, she returned to the fire- 
place. After a few moments she heard the same voice 
still calling, " Come to me, come ! come away ! " in a loud, 
plaintive, and somewhat impatient tone ; she answered as 
loudly, " Where are you ? I don't know where you are," still 
imagining that he was somewhere in search of her ; but 
receivmg no answer, she shortly went upstairs. On Mr. 
A.'s return to the house, about half an hour afterwards, 
she inquired why he had called her so often, and where 
he was, and she was of course greatly surprised to learn 
that he had not been near the house at the time. A simi- 
lar illusion, which excited no particular notice at the 
time, occurred to Mrs. A. when residing at Florence, 
about ten years before, and when she was in perfect 
health. When she was undressing after a ball, she heard 
a voice call her repeatedly by name, and she was at that 
t/me unable to account for it. 
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the next phantom appeared, her husband was present. 
This took place on the 4th of January, 1830. About ten 
o'clock at night, when Mr. and Mrs. A. were sitting in the 
drawing-room, Mr. A. took up the poker to stir the fire, 
and when he was in the act of doing this, Mrs. A. ex- 
claimed, " Why, there's the cat in the room ! " " Where ? " 
exclaimed Mr. A. "There, close to you," she replied. 
" Where ? " he repeated. " Why, on the rug, to be sure, 
between yourself and the coal-scuttle." Mr. A., who still 
had the poker in his hand, pushed it in the direction men- 
tioned. " Take care," criecl Mrs. A., " take care ! you are 
hitting her with the poker." Mr. A. again asked her to 
point out exactly where she saw the cat. She replied, 
" Why, sitting up there close io your feet on the rug ; she 
is looking at me. It is Kitty — come here, Kitty ! " There 
were two cats in the house, one of which went by this 
name, and they were rarely, if ever, in the drawing-room. 

At this time Mrs. A. had no idea that the sight of the 
cat was an illusion. When she was asked to touch it, she 
got up for the purpose, and seemed as if she was pursuing 
something which moved away. She followed a few steps, 
and then said, "It has gone under the chair." Mr. A. 
assured her that it was an illusion, but she would not 
believe it. He then lifted up the chair, and Mrs. A. saw 
nothing more of it. The room was searched all over, and 
nothing found in it. There was a dog lying on the hearth, 
who wouM have betrayed great uneasiness if a cat had 
been in the room, biit he lay perfectly quiet. In order 
to be quite certain, Mr. A. rang the bell, and sent for 
the cats, both of which were found in the housekeeper's 
room. 

(4) About a month after this occurrence, Mrs. A., who 
had taken a somewhat fatiguing drive during the day, was 
preparing to go to bed about eleven o'clock at night, and, 
sitting before the dressing-glass, was occupied in arrang- 
ing her hair. She was in a listless and drowsy state of 
mind, but fully awake. When her fingers were in active 
motion among the papillotes, she was suddenly startled 
by seeing in the mirror the figure of a near relative, who 
was then in Scotland, and in perfect health. The appa- 
rition appeared over her left shou\det,axvd \ls e^es met 
Jiers In the glass, . It was enveloped \tv ^t^ln^-cXo'Csv^'^, 
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(9) On the nth October, when sitting in the drawing- 
room, on one side of the fire-place, she saw the figure of 
another deceased friend moving towards her from the win- 
dow at the farther end of the room. It approached the 
fire-place, and sat down in the chair opposite. As there 
were several persons in the room at the time, she describes 
the idea uppermost in her mind to have been a fear lest 
they should be alarmed at her staring, in the way she was 
conscious of doing, at vacancy, and should fancy her 
intellect disordered. Under the influence of this fear, 
and recollecting a story of a similar effect in your ^ work 
on Demonology, which she had lately read, she summoned 
up the requisite resolution to enable her to cross the space 
before the fire-place, and seat herself in the same chair 
with the figure. The apparition remained perfectly dis- 
tinct till she sat down, as it were, in its lap, when it 
vanished. 

* Sir Walter Scott; to whom Sir David Brewster's Letters on Natural 
Magic were addressed. 
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Blind spot of the retina, 216, 

219, 222 
Blood, 15, 17 
circulation of the, 15, 19, 

21-57, 299 

its characters, 58, 61, 65, 



7o» 74 . 
arterial and venous, 74 

red and white corpus- 
cles, 59 

coagulation, 59, 65 

effect of Si,line matter on, 

67 

transfusion of, 73 

crystallization, 65, 77 

chemical constituents, 70 

specific gravity, 70 

its function, 72 

quantity of, 72 

its sources of loss and 

gain, loi, 103, 123, 131 

of the liver, 122 

its temperature, 70, 1 28 

Blushing, 51 

Body, its structure and func- 
tions, I 

Bone, 284-287 

Bones, 10, 11, 161 

their dissolution, 20 

of the ear, 210 

Brain, 6, 14, 19, 158, 261 

Bread, 138, 298, 299 

Brewster, Sir D., on illusive 
visions, 240, 302 

Bronchi, 80 

Bronchial tubes, 81, 82 

Buccal glands, 141 

BuflTy coat of the blood, 67 

Bursae, 175 

C. 

Cmcvm, 150 
Cancellous tissue, 16 1 
Canine teeth, 143, 290 



Capillaries, 15, 21, 78, 301 
Carbon, 3, 134, 137, 298 
Carbonate of lime, 2, 10 
Carbonic acid, 2, 3, 16, 97, 

98, 106, 132 
Carbonic acid gas, 71, 75, 79, 

83 

Carbonic oxide gas, 99 

Cardiac aperture of the sto- 
mach, 145 

Cartilage, 10, ii, 18, 85, 167, 
279 

Caruncula lachrymalis, 235 

Casein, 134 

Cavity of the mouth, 139 

Cellular structure, 272 

Cement of the teeth, 290 

Central nervous oi^an, 187 

Cerebellum, 260, 262, 268 

Cerebral hemispheres, 263 

Cerebral nerves, 248 

Cerebro-spinal axis, 7, 93, 248, 
266, 268 

nervous cen- 
tres, 14 

system, 248 

Cheeks, 192 

Chest, 5 

Cholesterin, 123 

Chondrin, 134, 281 

Chordae tendinere, 35, 38 

Chords, vocal, 79, 177, 180- 
182 

Choroid, 216, 218, 220, 227, 
232 

Chyle, 22, 28, 153 

Chyme, 148 

Cilia, 86, 157, 301 

Ciliary ligament, muscle, and 
processes, 226, 228, 232 

Ciliated epithelium, 275 

Circulation, organs of, 15, 19, 

.21-57* 299 
. C\rcu\SL.\\ow axvd resi^iration. 
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Emotion, i88 
Enamel, 143, 289 
Endocardium, 36 
Endolymph, 201, 208, 211 
Epidermis, 8, 113, 191, 273, 

274 
Epiglottis, 79, 141, 144, 179, 

181 
Epithelium, 9, 109, 191, 198, 

273-275* 301 
Erect position of man, 12 

Essential food-stuffs, 139 

Ether, 224 

Eustachian tubes, 140, 205, 

207, 213 

Excrementitious matter, 3, 

^33 
Excretion, organs of, 3, 15, 

lOI 

Eicpiration and inspiration, 81, 

89, 91, 93, 95 
Extension and flexion, 174 

Extra- vascular parts, 21 
Eye, the, 214-235 

muscles of the, 175 

humours of the, 227 

adjustment of the, 229 

Eyeball, 225 
Eye-lashes, 234 
Eyelids, 234 



F. 



Facial nerves, 264, 268^ 
Faeces, 15, 139, 298, 299 
Fainting, 53 
Faintness, 188 
Fat-cells, 283 
Fatigue, 188 

Fats, I34-I39, ^54, 298, 299 
Fauces, 140 
Feeling, sense of, 188 

/fenestras, 204, 206, 207, 209, 
21J 



l^ibres and membrane of Corti," 

200, 203, 204, 21 ly 2121 
Fibrillae, 281, 292 
Fibrin, 65, 66, 124, 134 
Fibrinogen, 69 
Fibrous tissue, 9, 281 
Fissure of Sylvius, 261, 264 
Flexion and extension, 174 
Food, 98, 298, 299 

its necessity to life, 3 

its operation in maintain- 
ing weight, 4 
daily quantity required', 

133 
Food-stuffs, I34-I39» ^54 
Foot, 165 
Frog, circulation in foot of, 

54, 56 
blood-corpuscles of, 64 

reflex action of its spinal 

cord, 257 

Functions of the body, 2 

of the blood, 72 



G. 

Gains and losses of the body, 

117, 298 
of the blood, 10 1, 103, 

123, 131 
Gall-bladder, 118, 122, 146 
Galvanic shocks, effect of, 14 
Ganglia, 53, 250 
Ganglionic corpuscles, 215, 

217, 249, 293, 296 
Gaseous elements in food, 

134 . 
Gases in inspired and expired 

air, 83, 93 
Gases of the blood, 71, 75 . 
Gastric juice, 145, 148 
Gelatine, 9, 134, 282 
GetiewX deaVVi, \% 
Glands, stmcVoite cA, i^p 
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J. 



Jejunum, 150 
Joints, 162, 167-172 
Judgments and sensations, 237 
Jumping, 177 



K. 

Kidneys, 6, 16, loi, 104-117, 

298 
compared with lungs and 

skin, 116 
Knee-pan, ii. 
Kreatin, 160 



Labyrinths of the ear, 198, 

200, 204, 207, 211 
Lachrymal ducts, 140 

glands, 234 

sac, 235 

Lacteals, 28, 151, 154 
Lactic acid, 160 
Lancelot, the, 63 
Laryngoscope, the, 181 
Larynx, 80, 177, 181 
Legs, 5 

bones of the, 1 1 

Lens, crystalline, 226, "231, 

279 
Levator muscle of the eyelid, 

234 
Levers, action of the bones, 

163 
Life, 18, 19 

Ligaments, 10, 11, 172, 283 

Light, 224 

sensation of, 214, 219 

Limbs, S 

Lime (se^ Carbonate oi Lime, 

Phosphate of Lime). 



Lime-water, 2 
Lips, 192 
Liver, 6, 117 

its structure, 1 18-122, 298 

cells, 117, 120, 122 

-^ — circulation, 118 
Lol)es of the brain, 260 
Lobules of the liver, 119, 121 
Local death, 18 
Locomotion, 157, 175 
Luminous impressions, 220 
Lungs, 6, 16, 17, 19, 81, 84- 

100, loi, 117 
their arteries and v^ins, 

29 
kidneys and skin com-. 

pared, 116 
Lymph, 22, 73 
Lymphatic system, 51, 125 

capillaries, 63 

corpuscles, 63 

glands, 26, 126 

Lymphatics, 8, 26 



M. 

Macula lutea (yellow spot), 
216, 217, 219, 222, 226 

Malleus, 205, 207, 209 

Malpighian capsules, 108 

Marrow, 161, 285 

Mastication, 144 

Mastoid cells, 206 

Meat, 138 

Meatus, internal and external, 
205-208 

Mechanical force, 3, 4 

Medulla oblongata, 19, 93, 
260, 261, 266, 270 

Mental emotion, 13, 53 

Mesenteric glands, 28 

Mesentery, 28 

MmeraXs asiocA, 17^^, a^%, i^ 

MitraV va\ve, "i^ 
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Origin and insertion of muscles, 

175 
Orra serrata, 226, 229 

Osmosis, 148 

Ossa innominata, 1 1 

Ossification, 285 

Otoconia or otolithes, 199, 

201, 208, 211 
Oxygen, 3, 17, 19, 79, 83, 97, 

98, 123, 133, 298 



r. 

Palate, 139, 192-194 

Tailor, 52 

Palpitation, 53 

Pancreas, 6, 127, 1 31 

Pancreatic duct, 146 

juice, 153 

Papillary muscles. 35, 38 

Papillae, 190, 192 

Paralysis, 253, 255 

Patella, ii, 166 

Pelvis, II 

of the kidney, 107 

Pepsin, 145 

Peptic glands, 145 

Peptone, 147 

Pericardium, 31 

Perilymph, 201, 202, 208, 211 

Periosteum, 285, 287 

Peristaltic contraction, 1 52, 
161 

Peritoneum, 105, 118, i$o 

Perspective, 243 

Perspiration, 111-117,300 

Petrosal, 198 

Phalanges, 5 

Phai*ynx, 8, 15, 79, 93, 140 

Phosphate of lirtie in bone, 10 

Phosphenes, 222, 242 

Physiology f human, 2 
Pia, mater, 249 
Pigment cells, 227, 284 



Pillars of the diaphragm, 88 

Pivot -joints, 170 

Plasma, 59, 66, 72 

Pleura, 84 

Plexuses, 271 

Pneumogastric nerves, 53, 254, 

260, 265, 267 
Pons Varolii, 262 
Portal circulation, 50 
Pronation, 171 
Proteids, 125, 134-139, 154, 

298, 299 
Protein, 3 

Protoplasm, 272, 274 
Pseudoscope, 2|6 
Ptyalin, 141, 144 
Pubis, II 

Pulmonary capillaries, 78, 81 
Pulse, 45 

Punctum lachrymale, 235 
Purkinje's figures, 223 
Putrefaction, 159 
Pylorus, 145, 146 
Pyramids, 267 



R. 

Racemose glands, 131 

Radius, 171 

Receptacle of the chyle, 28 

Rectum, 152, 155 

Reflex action, 94, 188, 256, 

268, 269 
Reissner's membrane, 202, 204 
Renal artery, 107 

excretion, 301 

vein, 109 

Respiration, 74-100, 299 
and circulation, 

analogies of, 94 
Respiratory sounds, 94 
Restlessness, 188 
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Synovial membrane, 1 1, 167 
Syntonin, 134, 159 
Systole, auricular and ventri- 
cular, 41, 96 
respiratory, 82, 96 



T. 

Tactile corpuscles, 191, 294, 

296 
Taste, 192-194 
Taurocholic acid, 122 
Tears, 235 
Teeth, 142, 287-291 
Temperature of the blood, 70, 

128 
Tendons, 10, 175, 283 
Tensor tympani, 208, 213 
Thaumatrope, 245 
Thickness of the blood, 70 
Thirst, 3 

Thoracic duct, 28, 155 
Thorax, 5» 84 
Thought, 188 
Thymus gland, 126 
Thyro-arytenoid muscles, 179, 

182 
Thyroid cartilage, 178, 180 

gland, 126 

Tibia, 166 

Tissues, 9, 78, 85, 103 

dissolution of, 20 

minute structure of, 272- 

296 
Tissue-formers, 138 
Tongue, 140, 143, 192, 193 
not indispensable for 

speech, 185 
Tonsils, 140 
Touch, 190-192 
Trachea, 8q 

Transfusion of blood, 73 
Transmigration, 20 
Trapezium, lyo 



Triceps muscle, 169, 174 

Tricuspid valve, 35, 36 

Trigeminal nerve, 264 

Tripod of life, 19 

Trunk, 5 

Tubules of the kidneys, 108, 

no 
Turbinal bones, 140, 196 
Tympanum, 205, 209 » 



U. 

Ulna, 171. 

Urea, 3, 16, 105, 106, 135, 

138 
Ureter, 104 
Urethra, 105 
Uric acid, 105, 106 
Urine, 105, 301 
Uvula, 140 



V. 

Valves of aorta and pulmo- 
nary artery, 26 

of the heart, 36 

of lymphatic vessels, 28 

of veins, 24 

Valvulae conniventes, 152 

Vascular system, 21-57 

Vaso-motor centres and nerves, 
53, 259, 261 

Vegetable diet, 136, 137 

Veins, 15, 24, 29 

Velum (soft palate), 140 

Vena cavae, superior and in- 
ferior, 29, 104, 120 

Vena portae, 31, 50, 118, 121, 
127, 152 

Venous pulse, 96 

Ventilation, 100 

Ventricles of the heart, 35, 42 
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Ventricles of the brain, 261 
Ventriloquism, 241 
Vermiform appendix, 150 
Vertebrate animals, 63 
Vertebrae, 6, 167, 173 
Vestibular sac, 200 
Vibrations of ether, 219 
Villi, 28 
of the intestines, 151, 

154 
Vision, single and double, 242 

Vision, single with two eyes, 

245 
Visual size and form, 243 

Vital actions, 18 

Vital food-stuffs, 135 

Vitreous humour, 226 

Vocal chords, 79, 177, 180- 

182 
Voice, 177, 183 
Volition, 188 
Vowels and consonants, how 

sounded, 184 



W. 

Walking and running, 176, 

177 
Warmth and coldness, feeling 

of, 192 
Water, 16, 135, 138, 298, 299 

elimination of, 3, 84 

Weight lost in action, 3, 4 
of constituents of the 

body, 297 
Whispering, 184 
Whistling, 184 
Windpipe, 80, 90 
Work and waste, 4, 298 

v. 

Yellow-spot, 216, 217, 210 
222, 226, 301 

Z. 

ZOOTROPE, 245 



THE END. 
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EDUCATIONAL BOOKS. 



The author has aimed to illustrate the general bearings and relatiom 
of the Art of Rhetoric in itself as well as the special mode of treating it 
adopted by Aristotle in his peculiar system. The evidence upon obscwri 
or doubtful questions connected with the subject is examined; and 
the relations which Rhetoric bears^ in Aristotlis view, to the kindred art 
of Logic are considered, A connected Analysis of the treatise is grven^ 
sometimes in the form of pareiphrase ; and a few important matters an 
separately discussed in Appendices, There is added^ as a general Appendix^ 
by way of specimen of the antagonistic system of Isocrates and others^ a 
complete analysis of the treatise called *'9rrropiX'h *f^' 'AX^Ioyffpoy, with a 
discussion of its authorship and of the probable results of its teaching, 

ARISTOTLE ON FALLACIES; OR, THE SOPHISTICIi 
ELENCHI. " With a Translation and Notes by Edward Posn, ' 
M.A., Fellow of Oriel College, Oxford. 8vo. 8j. td, ' ^ 

Besides the doctrine of Fallacies^ Aristotle offers^ either in this treatist 
or in other passages of his works quoted in the commentary^ variomv, 
glances over the world of science and opinion^ various suggestions tn \ 
problems which are still agitated^ and a vivid picture of the ancient sy^e» i 
of dialectics. ** It is not only scholarlike and careful^ it is ala t 
perspicuous.^^ — Guardian. " It is inaeed a work of great skOL**" 
Saturday Review. : 

i 

Blackie.— GREEK AND ENGLISH DIALOGUES FOR USB 
IN SCHOOLS AND COLLEGES. By John Stuart Blacxii, i 
Professor of Greek in the University of Edinburgh. Fcap. 8va : 

2s, 6d. j Q 

** Why should the old practice of conversing in Latin and Gredk W^ ' 
altogether discarded i " — Professor Jow«tt. \ ^ 

Professor Blackie has been in the hctbit, as part of the regular] ^ 
training of kis class in Edinburgh University ^ of accustoming the studenA , 
to converse in Greek, This method he has found to be eminentlA ^ 
successful as a means of furnishing the students with a copious vocabulary! 
training them to use it promptly , confidently ^ and with correct articulation} i 
and instilling into them an c^curate and intelligent knowledge of GreM 
Grammar, which he hopes may aid other feacKers in rtalidng the samt\ 
^^a^s, TTie^esent little volume Jurnishes a series 0/ tiuentv-Jvue ^odW^ 
^^a/ i/ia/^ues in parallel columns of Greek and EngUsH on a ^reat vwvH 
e/'f'^^estiftP^ subjects. The author has htxd Xht advantage of swibmUti 
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his work to the judgment of several scholars of repute^ both English and 
Scotch, The Globe says: ** Professor Blackiis system is sensible; his 
book is likely to be useful to teachers of Greek ; and his suggestions 
valuable to the learners of any language,** 

Cicero.— THE second philippic oration. With an 
Introduction and Notes, translated from the German of Karl 
Halm. Edited, with Corrections and Additions, by John E. B. 
Mayor, M.A., Fellow and Classical Lecturer of St. John's 
College, Cambridge. Third Edition, revised. Fcap. 8vo. 5^. 

This volume opens with a List oj Books useful to the Student of Cicero, 
and some account of various editions, mostly Germcm, of the works of 
Cicero, The Introduction is based on Halm, The English editor has 
further illustrated the work by additions', drawn, for the most part^ 
{i) from the ancient authorities ; (2) from his own private marginal 
references, and from collections; (i) from the notes of previous com- 
mentators, A copious * argument* is also given, " On the whole we 
have rardy met with an edition of a classical author which so thoroughly 
fulfils the requirements of a good school-book,*' — Educational Times. 
** A valuable edition** says the AxHENiEUM. 

THE ORATIONS OF CICERO AGAINST CATILINA. With 
Notes and an Introduction. Translated from the German of Karl 
Halm, with many additions by A. S. Wilkins, M.A. Professor 
of Latin in Owens College, Manchester. Fcap. Svo. 3^. (>d. 

The historical introduction of Mr, Wilkins brings together all the 
details which are known respecting Catiline and his relations with 
the great orator, A list of passages where conjectures have been 
admitted into the text, and also of all variations from the text of 
Kayser (1862), is added at the end. Finally, the English editor has 
subjoined a large number of notes, both original and selected, from 
Curiius, Schleischer, Corssen, and dt/ier well-known critics^ an analysis 
of the orations, and an index, 

Demosthenes.— DEMOSTHENES on the CROWN. The 
Greek Text with English Notes. ByB. Drake, M.A.^l^^fc■^^^sssR 
of King's College, Cambridge. ¥oMtl\v ^EA\>aoTv^ \ft ^'^N^i^ "ft, 
prefixed JESCKl'^^'^ AGAINST CTU^Y^^O"^ > ^«^'^^'^'^'" 
Notes. Fcap, Svo, 5j. 
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An Introduction discusses the immediate causes of the two orations^ and 
thdr general character. The Notes contain frequent references to the hesi 
authorities. Among the appendices ctt the etid is a chronological table of 
the life and public career of yEschines and Demosthenes, " A neat and 
useful edition" — Athen^um. 

Greenwood.— THE elements of greek grammar, \ 

including Accidence, Irregular Verbs, and Principles of Derivation \ 
and Composition ; adapted to the System of Crude Forms. By ^ 
J.G.Greenwood, Principal of Owens College, Manchester. Fourth {I 
Edition. Crown 8vo. 5^. (id. 
This Grammar ts intended to do for Greek what the Grammars of Key \ 
emd others have done for Latin. Until this work was published, no Greek 
Grammar had appeared based on the system of crude forms, though tht 
systetn is perhaps still better adapted to Greek than to Latin. 

Hodgson.— MYTHOLOGY FOR LATIN VERSIFICATION. 
A brief Sketch of the Fables of the Ancients, prepared to be " 
rendered into Latin Verse for Schools. By F. Hodgson, B.D., 
late Provost of Eton. New Edition, revised by F. C. HODGSON, 
M.A. i8mo. 3J. 
The late Provost oj Eton has here supplied a help to the composition ^ 

Latin Verse, combined with a brief introduction to Classical Mythology. . 

In this new edition a few mistakes have been rectified ; rules have been 

added to the Prosody ; and a more uniform system has been adopts with 

regard to the help afforded. 

Homer's Odyssey.— the narrative of ODYSSEUS. j 

With a Commentary by John E. B. Mayor, M. A., Kennedy Pro- j 
fessor of Latin at Cambridge. Part I. Book IX. — XII. Fcap. 8vo. 

Juvenal* — Thirteen Satires of JUVENAL. With a Commentary, i 
By John E. B. Mayor, M.A., Kennedy Professor of Latin at 
Cambridge. Second Edition, enlarged. Vol. I. Crown 8vo. 
7j." 6d. VoL I. Parts I. and II. Crown 8vo. 3j. 6d, each. 
Besides the author's own, there are various other notes, for which \ 
/4^ au^r is indebted to Professors Munro and Conington, All the i 
^sAi^fts Aave deen taken anew from the original outhors. ** A ^instdfexuf,' 
a/gk/ cri/ica/ edition,'* — SPKCTATOll. ^^ For really ril>e scHolar$K\t 
^swS9W^-f aer^uain/ance wUh Latin literature, and /amiUar lcncru)\« 
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of continental criticism^ ancient and modern^ it is unsurpassed among 
English editions J*^ — Edinburgh Review. 

Marshall.— A table of irregular greek verbs, 

classified actording to the arrangement of Curtius* Greek Grammar. 
By J. M. Marshall, M. A., Fellow and late Lecturer of Brasenose 
College, Oxford ; one of the Masters in Clifton College. 8vo. 
doth. New Edition, i^. 

The system of this table has been borrowed from the excellent Greet 
Grammar ofDr, Curtius, 

Mayor (John E. B.)— FIRST GREEK READER. Edited 
after Karl Halm, with Corrections and large Additions by John 
K B. Mayor, M.A., Fellow and Classical Lecturer of St. John's 
College, Cambridge. Second and Cheaper Edition. Fcap. 8yo. 
4r. 6d. 

A selection of short passages^ serving to illustrate especially the Greek 
Accidence, A good deal of syntax is incidentally taught^ and Mcuivigand 
other books are citedy for the use of masters : but no learner is expected to 
know more of syntcuc than is contained in the Notes and Vocabulary. 
A preface ^^ To the Reader ^^^ not only explains the aim and method of 
the volume, but also deals with classical instruction generally. The 
extracts are uniformly in the Attic dialect. This book may be used in 
connection with Mayot^s ** Greek for Beginners," ** After a careful 
examination we are inclined to consider this volume unrivalled in the 
hold which its pithy sentences are likely to take on the memory, and 
for the amount of true scholarship embodied in the annotations** — 
Educational Times. 

Mayor (Joseph B.)— GREEK for beginners. By the 

Rev. J. B. Mayor, M.A., Professor of Classical Literature in 
King's College, London. Part I., with Vocabulary,. u. (>d. Parts 
II. and III., with .Vocabulary and Index, 3^. 6^., complete in one 
voL, fcap. 8vo. cloth, 4J. dd. 

The distinctive method of this book consists tn building up a boy's 
knowledge of Greek upon the foundation of his knowUdgt of EnglUYv aivd. 
Zatin, instead of trusting everything to the uncwsisted mcmor-y 
tefffrdsAave deen used in the earlier tart of iht hook except sucH as 
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7hus the book serves as Grammar, Exercise book, and Vocahukuy, T%e 
ordinary ten declensions are reduced to three, which correspond to ike 
first three in Latin ; and the system of stems is adoJ>ted. A general 
Vocahulary, and Index of Greek words, completes the work, " We know 
of no book of the same scope so complete in itseif, or so wdl calculated te 
make the study of Greek interesting at the very commencement?^-- 
Standard. 

Peile (John, M.A.)— AN INTRODUCTION TO GREEK 

AND LATIN ETYMOLOGY By John Peile, M. A., Fellow 

and Assistant Tutor of Christ's College, Cambridge, formerlj 

Teacher of Sanskrit in the University of Cambridge. New and 

Revised Edition. Crown 8vo. lou-. dd. 

These Philological Lectures are the result of Notes' made during thi 

author^ s reading for several years, T/iese Notes were put into the shape of 

Lectures, delivered at Chris fs College, as one sH in the ^^ Intercollegiate^ 

list. They are now printed with some additions and modifications. 

** TTie book may be accepted as a very valuable contribution to the science 

of language?'^ — Saturday Review. 

Plato. — THE REPUBLIC OF PLATO. Translated into Ei^Ush, 
with an Analysis and Notes, by J. Lu Davies, M.A.,and D.J. 
Vaughan, M.A. Third Edition, with Vignette Portraits of Plato 
and Socrates, engraved by Jeens from an Antique Gem. i8ma 
4r. (id. 

An introductory notice supplies some account of the life of Plato^ and 
the translation is preceded by an elaborate analysis, *' The translators 
have,^* in the judgment of the Saturday Review, ** produced a hook 
which any reader, whether acquainted with the origincU or not, cempmmst 
with pleasure as well as profit, " 

Plautus (Ramsay). — the mostellaria of plau- 

TUS. With Notes Critical and Explanatory, Prolegomena, and 

Excursus. By William Ramsay, M.A., formerly Professor of 

Humanity in the University of Glasgow. Edited by Professor 

George G, Ramsay, M.A., oi V!iit 'VJmNtxivX:^ oS. Glas^w. 

Svo. 14s. 

^^ /ruUs o/theU exhaustive research and thai rx^t and T^nHX-di^.^ 
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appat aius of prolegomena^ notes ^ and excursus; and for the use of veteran 
scholars it probably leaves nothing to be desired,*^ — Pall Mall Gazette. 

Potts (Alex. W., M.A.)— HINTS towards latin 

PROSE COMPOSITION. By Alex. W. Potts, M.A., late 
Fellow of St. John's College, Cambridge ; Assistant Master in 
Rugby School ; and Head Master of the Fettes College, Edinburgh. 
New Edition, enlarged Extra fcap. 8vo. cloth. 3^-. 

An attempt is here made' to give students ^ after they have mastered 
ordinary syntactical rulesj some idea of the characteristics of Latin Prose 
and the means to be employed to reproduce them. Some notion of the 
treatment of the subject may be gathered from the * Contents^ Chap. I. — 
Characteristics of Classical Latins Hints on turning English into Latin ; 
Chap. II. — Arrangement of Words in a Sentence; Chap. III. — Unity 
in Latin Prose, Subject and Object ; Chap. IV. — On the Period in 
LaUn Prose ; Chap. V. — On the position of the Relative and Relative 
Clauses, The Globe characterises it as ** an admirable little book which 
teachers of Latin will find of very great service,^* 

Roby.— A GRAMMAR OF THE LATIN LANGUAGE, from 
Plautus to Suetonius. By H. J. Roby, M.A., late Fellow of St. 
John*s College, Cambridge. Part I. containing : — Book I. Sounds. 
Book II. Inflexions. Book III. Word-Formation. Appendices. 
Second Edition. Crown 8vo. 8j. 6d, 

This work is the result of an independent and careful study of the 
writers of the strictly classical period, the period embraced between the 
time of Plautus and that of Suetonius. The author* s aim has been to give 
the facts of th* language in as few words as possible. This is a Grammar 
strictly ofthe'L&tva. language; not a Universal Grammar illustrated from 
Latin, nor the Latin section of a Comparative Grammar of the Indo- 
European languages, nor a Grammar of the group of Italian dialects, of 
which Latin is one. It will be found that the arrangement of the book and 
the treatment of the various divisions differ in many respects from those oj 
previous grammars. Mr. Roby has given special prominence to the treatment 
of Sounds and Wordformation ; and in the First Booli Kc "has do'wtm>A.cVv 
/owards seU/in^ a discussion which is at prtuni largel-y enga^x^^S ^ 
r/!^/u?^ of scholars, viz., the pronunciation of tht classical ^'^'^^^' 
'T^edoo^ ts fnarkea by the clear and in-actised insi^Ht ^J^T^^^^^is: 
/. y/ua book that ivcmld do honour to any couvXry^ 
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Rust.— FIRST STEPS TO LATIN PROSE COMPOSITION. 
By the Rev. George Rust, M.A. of Pembroke College, Oxford, 
Master of the Lower School, King's College, London. New 
Edition. i8mo. is. 6d, 

This little work consists of carefully grcuiuated vocabularies and ex- 
ercises ^ so arranged cts gradually to familiarise the pupil with the elements 
of Latin Prose Composition^ and fit him to commence a more advanced 

work. 

Sallust.— CAII SALLUSTII CRISPI CATILIN A £T JUGUR 
THA. For Use in Schools. With copious Notes. By C. 
Merivalb, B.D. (In the present Edition the Notes have been 
carefully revised, and a few remarks and explanations added.) 
Second Edition. Fcap. 8vo. 4f. dd. 

This edition ofSallust^ prepared by the distinguished historian of RomCy 
contains an Introduction^ concerning the life and works of Sallust^ lists 
of the Consuls^ and elaborate Notes, ** A very good edition, to which the 
Editor has not only brought scholarship but independent judgment and 
historical criticism" — SPECTATOR. 

The JUGURTHA and the CATILINA may be had separately, price 
2s. 6d. each. 

Tacitus. — ^THE HISTORY OF TACITUS TRANSLATED 
INTO ENGLISH. By A. J. Church, M.A., and W. J. 
Brodribb, M.A. With Notes and a Map. New and Cheaper 
Edition. Crown 8vo. 6s. 

The translators have endeavoured to adhere as closely to the original as 
was thought consistent with a proper observance of English idiom. At 
the same timet it has been their aim to reproduce the precise expressions of 
the author. The campaign of Civilis is elucidated in a note of some lengthy 
which is illustrated by a map, containing the names ofplctces and of tribes 
occurring in the work. There is also a complete account of the Roman army 
as it wcu constituted in the time of Tacitus. This work is characterised 
J^ the Spectator o? * * a scholarly and faithful translation, " 

THE A GKICOLA AND GERM AWA 0¥ T KCITUS. A Revised 
Text, English Notes, and Maps. "By K.^. Cws^c^ \\«K.^ 
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The Saturday Review speaks of it as ^^ a very handy and scholarly 
edition of a work which till now has been beset with hindrances and 
difficulties f but which Mr, JMs critical skill and judgment have at 
length placed within the grasp and comprehension of ordinary readers J* 

Thring.— Works by the Rev. E. THRING, M.A., Head ACftster 
of Uppingham SchooL 

A LATIN GRADUAL. A First Latin Construing Book for 
Beginners. New Edition, enlarged, with Coloured Sentence Maps, i 
Fcap. 8vo. 2,5. 6d, 
The Head Master of Uppingham has here sought to supply by easy steps 
a knowledge of grammar ^ combined with a good Vocabtdary, Passages 
have been selected from the best Latin authors in prose and verse, Thest 
passages are gradually built up in their grammatical structure^ and 
finally printed in full. A short practical manual of common mood con* 
structionSf with their English equivalents^ forms a second part. To the 
New Edition a circle of grammatical Constructions with a Glossary has 
been added ; as also some coloured Sentence Maps y by means of which the 
different parts of a sentence can easily be disiinguishedf and the practice of 
dissecting phrases carried out with the greatest benefit to the student, 

A MANUAL OF MOOD CONSTRUCTIONS. Fcap.Svo. \s, 6d. 

Treats of the ordinary mood constructions^ cts found in the Latin, Greek, 
and English languages. The Educational Times thinks it '*very 
well suited to young students," 

A CONSTRUING BOOK. Fcap. 8vo. 2s, 6d, 

Thucydides.— THE SICILIAN EXPEDITION. Being Bookf 

VI. and VII. of Thucydides, with Notes. A New Edition, revised 

and enlarged, ¥rith a Map. By the Rev. Percival Frost, M. A., 

late Fellow of St. John's College, Cambridge. Fcap. 8vo. 5j. 

This edition is mainly a grammatical one. Attention is called to the 

force of compound verbs, and the exact meaning of the various tenses 

employed, " The notes are excdlent of their kitui, Mr. Frost sddom 

pcuses ffver a difficulty, and what he says is always to the point." — 

Educational Times. 

Virgil. — THE WORKS OF VIILGTL 'RE^Xi^^^Ti \^TQ 
ENGLISH PROSE, with Notes, InttoducV\oTvs,^>xMv\Tv^KT«^^ 
and an Index, by Tames Loi5SDA1-u, M.K. wv(i ^k^m^^-\-^^ 
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7^e original has been faithjully reftdered, and paraphriue aUageiktr 
ofvoided. At the same Hme^ the translators have endeavoured to adapt 
the book to the use of the English reiider. Some amouftt of rhytkni in 
the structure of the sentence has been generally maintained ; and, when in 
i^e Latin the sound of the words is an echo to the sense {as so frequently 
happens in Virgil)^ an attempt has. btsn made to produce the same result 
in En^ish. The general introduction contains whatever is known of 
the poefs life, an estimcUe of his geiiius, an account of the principal 
editions and translations of his works, and a brief view of the influence 
he has had on modem poets ; special introductory essays are prefixed 
to the ''Eclogues;' ** Georgics;' and ''Mneid:' The text is divided into 
sections, each of which is headed ly a concise analysis of the subject ; 
the Index contains references to all the characters and events of any 
importance, " A more complete edition of Virgil in English it is scarcely 
possible to conceive than the scholarly work before us," — Globe. 

Wright.— Works by J. WRIGHT, M.A., kte Head Master of 
Sutton Coldfield School 

HELLENICA ; OR, A HISTORY OF GREECE IN GREEK, as 
related by Diodorus and Thucydides ; being a First Greek Reading 
Book, with explanatory Notes, Critical and Historical. Third 
Edition, with a Vocabulary. i2mo. 3j. 6d, 

In the last twenty chapters of this volume, Thucydides sketches the rise 
and progress of the Athenian Empire in so clear a style and in such simple 
laf^uage, that the editor has doubts whether any easier or more instruc' 
five passages ccm be selected for the use of the pupil who is commencing 
Greek, This book includes a chronological table of the 'events recorded. 
The Guardian speaks of the work as ''a good plan well executed J*"^ 

A HELP TO LATIN GRAMMAR ; or. The Form and Use of Words 
in Latin, with Progressive Exercises. Crown Svo. 4^. 6d, 

This book is not intended as a rival to any of the excellent Grammars 
now in use ; but cu a help to enable the banner to understand them, 

THE SEVEN KINGS OF ROME. An Easy Narrative, abridged 
from the First Book of Livy by the omission of Difficult Passages ; 
being a First Latin Reading Book, mlVi Ox^xcaasiicNKai^ "^^\ss.« 
New and revised Edition. Fcap. ^vo. V- ^SSicL "^ ^'^'^'^^^ 
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Wright — continued. 

This work is intended to supply the pupil with an eeuy construing book^ 
which may at the same time he made the vehicle for instructing him in the 
rules of grammar and principles of composition. The notes profess to 
teach what is commonly taught in grammars. It is conceived that t^e 
pupil will learn the rules of construction of the language much more 
easily from separate examples^ which are pointed out to him in the course 
of his readings and which he may himself set down in his note-book after 
some scheme of his own, than from a heap of quotations amctssed for him 
by others, " The Notes are abundantf explicit , and full of such grammatical 
and other information as boys require." — AxHENiEUM. ** T'his is 
really,** the Morning Post says, '*what its title imports, and we 
bdieve that its general introduction into Grammar Schools would not 
only facilitate the progress of the boys beginning to learn Latin^ but 
also retieve the Masters from a very considerable amount of irksome labour 
a really valuable addition to our school libraries" 
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FIRST LATIN STEPS; OR, AN INTRODUCTION BY A 
SERIES OF EXAMPLES TO THE STUDY OF THE 
LATIN LANGUAGE. Crown 8vo. 5j. 

The following points in the plan of the work may be noted: — I. 
The pupil has to deal with only one construction at a time. 2. This 
construction is made clear to him by an accumulation of instances. 
3. As all the constructions are classified cts they occur, the construction 
in each sentence can be easily referred to its class. 4. As the author 
thinks the pupil ought to be thoroughly familiarized, by a repetition 
of instances, with a construction in a foreign language, before he at- 
tempts himself to render it in that language, the present volume contains 
only Latin sentences. 5. The author has added to the Rules on Prosody 
in the last chapter, a few familiar lines from Ovid*s Fasti by way 
of illustration. In a brief Introduction the author states the rationale 
of the principal points of Latin Grammar. Copious Notes are appended, 
to which reference is made in the text, from the clear and regional 
method adopted in the arrangement of this elementary work, from the 
simple way in which the various rules are conveyed, and from the abun- 
dance of examples given, both teachers and pupils will find it a valuable 
Ae^ ^ /^ learning of Latin. 
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CLASSIC VERSIONS OF ENGLISH BOOKS 

AND LATIN HYMNS. 

The following works are, as the heading indicates, classic 
renderings of English Books. For scholars, and parti- 
cularly for writers of Latin Verse, the series has a special 
value. The Hymni Eccle^iae are here inserted, as partly 
falling under the same class. 

Church (A. J., A.M.)— HOR^E TENNYSONIANiE, sive 
Eclogae e Teonysono. Latine redditse. Cura A. J. Church, 
A.M. Extra fcap. 8vo. dr. 

Latin versions of Selections from Tennyson, Among the authors are 
the Editor^ the late Professor Conington^ Professor Seeley^ Dr, Hessey^ 
Mr, JCebbelf and other gentlemen, 

Latham.— SERTUM SHAKSPERIANUM, Subnexis aliquot 
aliunde excerptis floribus. Latine reddidit Rev. H. Latham, M. A. 
Extra fcap. Svo. 5^. 

Besides versions of Shakespeare this volume contains ^ among other pieces ^ 
Gray's *' Elegy," Campbell's '' Hohenlinden," Wolfe's'' Burial of Sir 
John Moore" and selections from Cowper and George Herbert, 

Lyttelton.— THE COMUS of MILTON, rendered into Greek 
Verse. By Lord Lyttelton. Extra fcap. 8x0, V, 

THE SAMSON AGONISTES 0¥ Mll-TOli^^x^cAw^^*^^^--^^"^'^ 
Verse, By Lord Lyttelton. "Exlm ica-v* ^''^* ^' ^' 
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Merivale. — KEATS* Hyperion, rendered into Latin Verse. 
By C. Merivale, B.D. Second Edit. Extra fcap. 8vo. 3^. dd. 

Newman. — HYMNI ECCLESI^. Edited by the Rev. Dr. 
• Newman. Extra fcap. 8vo. yj. dd. 

Hymns of the Mediaval Church. The first Part contains selections 
from the Parisian Breviary ; the second from those of Rome^ Salisbury^ 
and York, 

Trench (Archbishop). — sacred LATIN POETRY, 

chiefly Lyrical, selected and arranged for Use ; with Notes and 
Introduction. Fcap. 8vo. 7^. 

In this work the editor has selected hymns of a catholic religimit 
sentiment that are common to Christendom^ while refecting" those of a 
distinctvudy Romish character. 
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Airy. — Works by Sir G. B. AIRY, K.C.B., Astronomer Royal :— 

ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL 
EQUATIONS. Designed for the Use of Students in the Univer- 
sities. With Diagrams. Crown 8vo. cloth. 5j. 6d, 

It is hoped that the methods of solution here explained^ and the instances 
exhibited^ will be found sufficient for application to nearly all the important 
problems of Physical Sciettcey which require for their complete investigation 
the aid of Partial Differential Equations, 

ON THE ALGEBRAICAL AND NUMERICAL THEORY OF 
ERRORS OF OBSERVATIONS AND THE COMBINA- 
TION OF OBSERVATIONS. Crown 8vo. cloth. 6x. (id. 

In order to spare astrottomers and observers in natural philosophy the 
confusion and loss of time which are produced by referring to the ordinary 
treatises embracing both branches of probabilities (the first relating to 
chances which can be altered only by the changes of entire units or in- 
tegral multiples of units in the fundamental conditions of the problem ; 
the other concerning those chances which have respect to insensible grada.- 
tions in the value of the element measwtd)^ ilxt J[)resent tract Has\)et'n. dra-uw 
u^. y? tt^^ oniy to errors of observation^ and to tXe rvXt^^ dcrtoaXiVj 
/owr /ykf comuftrathn ef these errw^, for the combination of tHe vesv. 
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Airy (G. B.) — continued, I 

UNDULATORY THEORY OF OPTICS. Designed for the Use of 

Students in the University. New Edition. Crown 8vo. cloth, 
dr. 6d, 

The undulatory theory of optics is presented to the reader as having the *• 
same claims to his attention as the theory of gravitation : namely^ that it is jj 
certainly true, and that, by mathematical operations of general degunce, it j 
leads to results of great interest. This theory explains with accuracy a j 
vast variety of phenomena of the most complicated kind. The plan of this I 
tract has been to include those phenomena only which admit of calculation^ 
and the investigations are applied only to phenomena which actually have 
been observed. 

ON SOUND AND ATMOSPHERIC VIBRATIONS. With the ' 
Mathematical Elements of Music. Designed for the Use of Students , 
of the University. Second Edition, Revised and Enlarged. 
Crown 8vo. 9^. 

This volume consists of sections, which again are divided into numbered 
articles, on the following topics: General recognition of the air as the 
medium which conveys sound; Properties of the air on which the forma- 
tion and transmission of sound depend ; Theory of undulations as applud 
to sound, d^c. ; Investigation of the motion of a wave of air through the 
atmosphere ; Transmission of waves of soniferous vibrcUions through de- 
ferent gases, solids, and fluids ; Experiments on the velocity of sound, \ 
&*c. ; On musical sounds, and the manner of producing them ; On the 
elements of musical harmony and melody, and of simple musical composi- 
tion ; On instrumental music ; on the human organs of speech and \ 
hearing. 

A TREATISE OF MAGNETISM. Designed for the use of 
Students in the University. Crown 8vo. qj. 6d. 

As the laws of Magnetic Force have been experimentally examined with 
philosophical accuracy, only in its connection with iron and steel, and in '• 
Ih^ in/luences excited by the earth as a whole, the accurcUe portions of this \ 
Tefor^ ar^ confined to the investigations connected vnXh tkese metaU aW the ; 
^r/^. TAe /oiler part of the work^ Jumevery treats in a mort general •»«:) 
e/'/^/awso/tAe connection between Magmtistn on the <»t>^«: ^.^^*!^^^ 
^^^^ and TAermo^HectricUy on the other. The wfe - WJ . 
^f-^/z^<Ser,icns, and each section into nufnher^ artvcles. each of 
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Airy (Osmund).— A TREATISE ON GEOMETRICAL 
OPTICS. Adapted for the use of the Higher Classes in Schools. 
By Osmund Airy, B.A., one of the Mathematical Masters ii> 
Wellington College. Extra fcap. 8vo. y. td, 

" TTiis is, I imagine, the first time that any attempt has been made (fl 
adapt the subject of Geometrical Optics to the reading of the higher 
classes in our good schools. That this should be so is the more a matter 
for remark, since the subject would appear to be peculiarly fitted for such 

an adaptation I have endeavoured, cls much cu possible, to avoid 

the example of those popular lecturers who explain difficulties by ignoring 
them. But as the nature of my design necessitated brevity, I have omitted 
entirely one or two portions of the subject which I considered unnecessary 
to a clear understanding of the rest, and which appear to me better learnt 
(it a more advanced staged — Author's Preface. " This book," the 
AxHENiEUM says, " is carefully and lucidly written, and rendered as 
simple as possible by the use in all cases of the most elementary form oj 
investigation, " 

Bayma.— THE ELEMENTS OF MOLECULAR MECHA- 
NICS. By Joseph Bayma, S.J., Professor of Philosophy, 
Stonyhurst College. Demy 8vo. cloth. 10s, 6d. 

Of the Twelve Books into which the present treatise is divided, the first 
and second give the demonstration of the principles which bear directly on 
the constitution and the properties of matter. The next three books contain 
a series of theorems and of problems on the laws of motion of elementary 
substances. In the sixth and seveftth, the mechanical constitution of mole- 
cules is investigated and determined : and by it the general properties oJ 
bodies are explained. The eighth book treats of luminiferous at her. The 
ninth explains some specicU properties of bodies. The tenth and eleventh 
contain a radical and lengthy investigation of chemical principles and 
relations, which may lead to practical results of high importance. The 
twelfth and last book treats of molecular masses, distances, and powers. 

Beasley.— AN ELEMENTARY TREATISE ON PLANE 
TRIGONOMETRY. With Examples. By R. D. Beasley, 
M.A., Head Master of Grantham Grammar School. Third 
Edition, revised and enlarged. Crown 8vo. cloth. 3^. 6//. 

This treatise is specially intended for use in schools. The cltoxce oJ "^^^^^^^^ 
^as^eiv^ c^iefy guided by the requiremenU of the thru dayi cxaT>^^1f^<^ vc 
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at Cambridge. About four hundred examples were added to the second 
edition f mainly collected from the Examination Papers of the last ten 
years. In this edition sevej-al new articles have been cuided, the examples 
have been largely increased, and a series of Examination Papers append^. 

' Blackburn (Hugh).— elements of plane 

TRIGONOMETRY, for the use of the Junior Class of Mathematics 
in the University of Glasgow. By Hugh Blackburn, M.A;, , 
Professor of Mathematics in the University of Glasgow. Globe |- 
8vo. IS. 6d. 

The author having felt the want of a short treatise to be used as a 
Text-Book after the Sixth Book of Euclid had been learned and some 
knowledge of Algebra acquired^ which should contain satisfactory de- 
monstrations of the propositions to be used in teaching yunior Students 
the solution of Triangles, and shotild at the same time lay a solid 
foundation for the study of Analytical Trigonometry, thinking thai 
others may have felt the same want^ has attempted to supply it by the 

publication of this little work, 

■% 

Boole. — Works by G. BOOLE, D.C.L., F.R.S., Professor of 

Mathematics in the Queen*s University, Ireland. 

A TREATISE ON DIFFERENTIAL EQUATIONS. New and J 
Revised Edition. Edited by I. Todhuntkr. Crown 8vo. doth. 
I4r. 

Professor Boole hcts endecntoured in this treatise to. convey as complete an 
account of the present state of knowledge on the subject of Differential Efua* 
iions as was consistent with the idea of a work intended, primarily, for 
elementary instruction. The earlier sections of ecuh chapter contain that 
kind of matter which has usually been thought suitable for the beginner, 
while the latter ones are devoted either to an account of recent discovery , of 
the discussion of such deeper questions of principle as are likely to present 
themselves to the reflective student in connection with the methods and 
^iK-esses of his previous course, " A treatise incomparably superior to 
afty 0tAer dementary book on the same subject tmUH nuKicK tik are 

A TREATISE ON DIFFER^l^TlKl. ^^^^'^^^^^v'^^rt 
mentery Volume. Edited by 1. Toi^^^^-t^^ Cxo^^-^^^ 
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Cambridge Senate-House Problems and Riders, 

WITH SOLUTIONS :— 

1848-1851. —PROBLEMS. By Ferrers and Jackson. Svo. 

cloth. 1 5 J. 6^. 
1848-185 1. —RIDERS. By Jameson. 8vo. doth. 7 j. ddT. 
1854. — PROBLEMS AND RIDERS. By Walton and 

Mackenzie. 8vo. doth. \os, 6d. 
1857. — PROBLEMS AND RIDERS. By Campion and 

Walton. 8vo. doth. 8j. 6d. 
i860.— PROBLEMS AND RIDERS. By Watson and Routh. 

Crown 8vo. doth, p. 6d. 
1864.— PROBLEMS AND RIDERS. By Walton and Wil- 

KiNSON. 8vo. doth, los, 6d, 

These volumes will be found of great value to Teachers and Students, as 
indicating the style and range of mathematical study in the University of 
Cambridge, 

CAMBRIDGE COURSE OF ELEMENTARY NATURAL 
PHILOSOPHY, for the D^ree of B. A. Origmally compQed hy 
J. C. Snowball, M.A., late Fellow of St» John's Collie. 
Fifth Edition, revised and enlarged, and adapted for the Middle- 
Class Examinations by Thomas Lund, B.D., Late Fellow and 
Lecturer of St John's College, Editor of Wood's Algebia, &c 
Crown 8vo. doth. 5^. 

This work will be found adapted to the wants, not only of University 

Students, but also of many others who require a short course of Mechanics 

and Hydrostatics, and especially of the candidates at our Middle Class 

, Examinations, At the end of each chapter a series of easy questions is 

added for the exercise of the student, 

CAMBRIDGE AND DUBLIN MATHEMATICAL JOURNAL. 
The Complete Work, in Nine Vols. 8vo. doth. 7/. 4j. 

Only a few copies remain on hand. Among Contributors to this 
work will be found Sir W, Thomson, Stokes, Adams, Boole, Sir W, R, 
Hamilton, De Morgan, Cayley, Sylvester, Jellett, and other distinguishea 
mathematicians, 

CandJer.^HELP TO ARITHME.TIC, I>e&\^<^lQt\3afe^aaeof 
Schools. By H. Candlbh, M.^l.» '^a'^tina.^xQs^ \&asJ«at ^ 
Uppingham ScEool Extra fcap, Sno. ^s. ^U 
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This work is intended as a companion to any text- book that may be 
in use. *' The main difficulties which boys experience in the different 
rules are skilfully dealt with and removed*' — Museum. 

Cheyne Works by C. H. H. CHEYNE, M.A., F.R.A.S. 

AN ELEMENTARY TREATISE ON THE PLANETARY 
THEORY. With a Collection of Problems, Second Edition. 
Crown 8vo. doth. ds. 6d, 

In this volume an attempt has been made to produce a treatise on the 
Planetary theory^ which, being elementary in charc^ter, should be so far 
complete eu to contain all that is usually required by students in the 
University of Cambridge. In the New Edition the work hcu beett carefully 
revised. The stcdfility of the Planetary System has been more fully treated, 
and an elegant geometrical explanation of the formula for the secular 
variation of the node and inclination has been introduced, 

THE EARTH'S MOTION OF ROTATION. Crown 8vo. 

The first part of this work consists of an application of the method of the 
variation of elements to the general problem of rotation. In the second 
part the general rotation formula are applied to the particular case of 
the earth. 

Childe.— THE SINGULAR PROPERTIES OF THE ELLIP- 
SOID AND ASSOCIATED SURFACES OF THE Nth 
DEGREE. By the Rev. G. F. Childk, M.A., Author of 
*' Ray Surfaces," " Related Caustics," &c. 8vo. ioj. (>d. 

The object of this volume is to develop peculiarities in the Ellipsoid; 
and, further, to establish analogous properties in the unlimited congeneric 
series of which this remarkable surface is a constituent, . 

Christie. — a COLLECTION OF ELEMENTARY TEST- 
QUESTIONS IN PURE AND MIXED MATHEMATICS ; 
with Answers and Appendices on Synthetic Division, and on the 
Solution of Numerical Equations by Homer's Method. By James 
R. Christie, r.R.S., late First Mathematical Master at th^ 
Royal Military Academy, WoolwicK Ctottcl^so. Oio"^cu '^.^^^ 

7:iis scries 0/ Mathematical Exerctsts m collected f^®^ *^°^* "^^"^^^ 
7u/AorAas,/r<m time to time^ proposed Jot soXvL^on by >« ^t* * 
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a long career at the Royal Military Academy. A student who finds 
that he is able to solve the larger portion of these Exercises^ may consider 
that he is tJioroughly well grounded in the elementary principles of pun 
and mixed MathemcUics. 

Dalton.— ARITHMETICAL EXAMPLES. Progressively 
arranged, with Exercises and Examination Papers. By the Rev. 
T. Dalton, M.A., Assistant Master of Eton College. New 
Edition. i8mo. cloth. 2J-. 6^. Answers to the Examples an 
appended. 

Day .— PROPERTIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. Part L, THE ELLIPSE, with 
Problems. By the Rev. H. G. Day, M.A., Head Master of 
Sedbuigh Grammar School Crown 8vo. 3^. td. 

The object of this book is the introduction of a treatment of Come 
Sections which should be simple and ncUurcU^ and lecul by an easy transit 
tion to the aruUytical methods^ without departing fr^m the strict getm et ry 
of Euclid, , 

DodgSOn. — AN ELEMENTARY TREATISE ON DETER- 
M IN ANTS, with their Application to Simultaneous linear 
Equations and Algebraical Geometry. By Charles L. Dodgsok, 
M.A., Student and Mathematical Lecturer of Christ Church, 
Oxford. Small 4to. cloth. 10^. dd. 

The object of the author is to present the subject cu a continuous chain of 
argument, separated from all accessories of explanation or illustration. 
All such explanation and illustration as seemed necessary for a beginner 
are introduced , either in the form of foot-notes, or, where that i^fould have 
occupied too much room, of Appendices, ** The work,"** says the 
Educational Times, "forms a valuable addition to the treatises we 
possess on Modern Algebra.''^ 

Drew.— GEOMETRICAL TREATISE ON CONIC SEC- 
TIONS. By W. H. Drew, M. A., St. ^oWs CoUege, Cambridge. 
Fourth Edition. Crown Svo. c\ot\i. V- ^^^ 
^ff/Air work ihe mbject of Co^iic Sections has heenplactdUjort X\t %\mAkA 
''^suc^a/orm thai, it « ha4>ed. after mastering the elements of Euclid,^ 
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Drew — continued, 

may find it an easyamt interesting continuation of his geometrical studies. 
IVith a view, also^ of rendering the work a complete manual of what is 
required at the Universities, there have either been embodied into tJu text or 
inserted among the examples, every book-work question, problem, and rider, 
which has been proposed in the Cambridge examinations up to the present 
time. 

SOLUTIONS TO THE PROBLEMS IN DREWS CONIC 
SECTIONS. Crown 8vo. cloth. 4r. 6d. 

Earnshaw (S.) — partial differential equa- 

TIONS. An Essay towards an entirely New Method of Inte- 
grating them. By S. Earnshaw, M.A., St. John's College, 
Cambridge. Crown 8vo. 5^. 

7%e peculiarity of the system expounded in this work is, that in every 
equation, whatever be the number of original independent variables, the work 
of integration is at once reduced to the use of one independent variable 
only. The author's object is merely to render his method thoroughly intel^ 
ligible. The various steps of the investigation are all obedient to one 
genercU principle, and though in some degree novel, are not reaJly difficult, 
but on the contrary easy when the eye hcLS become accustomed to the novelties 
0/ the notation. Many of the results of the integrations are far more 
general than they were in the shape in which they have appeared in former 
treatises, and many Equations will be found in this Essay integrated 
with ease in finite terms which were never so integrated before. 

Edgar (J. H.) and Pritchard (G. S.)— NOTE-BOOK ON 

PRACTICAL SOLID OR DESCRIPTIVE GEOMETRY. 
Containing Problems with help for Solutions. By J. H. Edgar, 
M.A., Lecturer on Mechanical Drawing at the Royal School of 
Mines, and G. S. Pritchard, late Master for Descriptive 
Geometry, Royal Military Academy, Woolwich. Second Edition, 
revised and enlarged. Globe 8vo. 3J. 

In teaching a large class, if the method of lecturing and demonstrating 
from the black board only is pursued, the more intelligent stwiv«i.% Ka-ut 
^^n^ral/j^ lo be kept back, from the necessity of /rcquent yc^ctttxon^ \vr \>v 
sa^e 0/ ^Ae less promising ; if the plan of setting |>roblcms to f^-*^^^^ 
aa'^if/A/, ^/le leac/ier finds a difficulty in ^lAnz Xo cacH satfl'^cxcnt 



24 EDUCATIONAL BOOKS. 



- A judicious combination of both methods is doubtless the best ; and it is 
hoped that this result may be arrived at in some degree by the use of this 
book, which is simply a collection of examples^ with helps for solution^ 
arranged in progressive sections. The new edition has been enlarged by the 
addition of chapters on the straight line and plane, with explanatory dia- 
grams and exercises on tangent planes, atid on the cases of the spherical 
triangle, 

Ferrers. — AN ELEMENTARY TREATISE ON TRILINEAR 
CO-ORDINATES, the Method of Reciprocal Polars, and the 
Theory of Projectors. By the Rev. N. M. Ferrers, M. A., Fellow 
and Tutor of Gonville and Caius College, Cambridge. Second 
Edition. Cro\vn 8vo. 6s, 6d, 

The object of the author in writing on this subject has mainly been to 
place it on a basis altogether ituiependent of the ordinary Cartesian system, 
instead of regarding it as only a special form of Abridged NotcUion, 
A short chapter on Determinants has been introduced. 

Frost.— Works by PERCIVAL FROST, M.A., formerly Fellow 
of St. John's College, Cambridge; Mathematical Lecturer of 
King's College. 

AN ELEMENTARY TREATISE ON CURVE TRACING. By 
Percival Frost, M.A. 8vo. 12s. 

The author has written this book under the conviction that the skill 
and power of the young mathematical student, tn order to be thoroughly 
available afterwards, ought to be developed in all possible directions. T%e 
subject which he has chosen presents so many faces, that it would be 
difficult to find another which, with a very limited extent of reading, 
combines, to the same extent, so many valuabU^ hints of methods of cal- 
culations to be employed hereafter, with so much pleasure in its present 
use. In order to understand the work it is not necessary to have much 
knowledge ofzuhat is called Higher Algebrct, nor of Algebraical Geometry 
of a higher kind than thai which simply relates to the Conic Sections, 
.^iffff /4e s/udy 0/ a work like this, it is believed that the student will 
^^:tzf^ mafty au/z^antages. Especially he vnll hccomt skilled in making; 
^^^y-ar/ a/>j>rojcima/ions to the values of qtmntities^ which cannot be found 
'JracZ/y, /a any cfegyee of accuracy which may he required. 



MATHEMATICS. 35 



Frost — continued. 

THE FIRST THREE SECTIONS OF NEWTON'S PRINCIPIA. 
With Notes and Illustrations. Also a collection of Problems, 
principally intended as Examples of Newton*s Methods. By 
Percival Frost, M.A. Second Edition. 8 vo. cloth, los, M, 

Tlu author's principal intenHon is to explain difficulties which may be 
encountered by the etudent on first reading the Principia, and to illustrate 
the advantages of a careful study of the methods employed by Newton^ by 
shorving the extent to which they may be applied in the solution of problems ; 
he has also endeavoured tp give assistance to the student who is engaged in 
the study of the higher branches of mathematics^ by representing in a 
geometrical form severed of the processes employed in the Differential and 
Integral Calculus^ arid in thi aruUytical investigations of Dynamics, 

Frost and Wolstenholme. — a treatise ON solid 

GEOMETRY. By Pkrcival Frost, M.A., and the Rev. J. 
Wolstenholme, M.A., Fellow and Assistant Tutor of Christ's 
College. 8vo. cloth, i&r. 

77ie authors have endeavoured to present before students as comprehensive 
a view of the subject as possible. Intending to make the subject accessible^ 
at least in the earlier portion^ to all classes of students^ they have ertdeo' 
voured to explain completely all the processes which are most useful in 
dealing with ordinary theorems and problems^ thus directing the student 
to the selection of methods which are best adapted to the exigencies of each 
probletn. In the more difficult portions of the subject ^ they have considered 
themselves to be addressing a higher class of students ; and they have there 
tried to lay a good foundation on which to builds if any reader should 
wish to pursue the science beyond the limits to which the work extends, 

Godfray. — Works by HUGH GODFRAY, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 

A TREATISE ON ASTRONOMY, for the Use of Colleges and 
Schools. 8vo. cloth. I2j. dd. 

This book embraces all those branches of Astronomy which hmt^ from 
time to time, been recommended by the Camhr\d^t Board of MatHema^o>- 
S/uoT/es: ^/ fy/ar the larger and easier portion^ adapted to tKe f^"^^^^^^^ 
'ays i?/ /Ae £xamination for Honours^ ma-^ be rcoA hs ^- ^ 
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Godfray — continued. 

advanced pupils in many of our schools. The ctuthor's aim has been to 
convey clear and distinct ideas of the celestial phenomena, ^^ It is a 
working booky^ says the GUARDIAN, ^* taking Astronomy in its proper 
place in mathematical sciences, , . , Itis a book which is not Ukdy to 
begot up unintdligentlyy 

AN ELEMENTARY TREATISE ON THE LUNAR THEORY, 
with a Brief Sketch of the Problem up to the time of Newton. 
Second Edition, revised. Crown Svo. doth. 5^^. 6^. 

These pages will^ it is hoped, form an introduction to more recondite 
xvorks, Difficulties have been discussed at considerable length. The 
selection of the method followed with regard to analytical sohUioHS, 
which is the same as that of Airy, Herschd, 6r*c, was mcuie on account 
of its simplicity ; it is, moreover, the method which has obtained in the 
University of ^Cambridge, ** As an denientary treatise and introduction 
to the subject, we think it m^y justly claim to supersede all former ones^-^ 
London, Edin. and Dublin Phil. Magazine. 

Hemming.— AN ELEMENTARY TREATISE ON THE 
DIFFERENTIAL AND INTEGRAL CALCULUS, for the 
Use] of Colleges and Schools. By G. W. Hemming, M.A, 
Fellow of St John's College, Cambridge. Second Edition, with 
Corrections and Additions. Svo. cloth. 2J. 

" There is no book in common use from which so clear and exact a 
knowledge of the principles of the Calculus can be so readily obtained"-- 
Literary Gazette. 

Jackson.— GEOMETRICAL CONIC SECTIONS. An Elemen- 
tary Treatise in which the Conic Sections are defined as the Plane 
Sections of a Cone, and treated by the Method of Projectioa 
By J. Stuart Jackson, M. A., late Fellow of Gonville and Caius 
College, Cambridge. 4r. 6d. 

This work has been written withxi view to give the student the benefit of 
/'^^ Af£:/^(?d of Projections as applied to the EUxpe and Hyperbola* 
l^en /Ats MetAod is admitted into the treatment of tKe Conic Secam> 
/^j^^ ^*-^ M^^^ _.t.. -«t„. ^i.^.i;t J,- A^^in^A. not tjoUK referwwit 
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they have their name as plane sections of a cone. This method is calcu- 
lated to produce a material simplification in these curves^ and to maJtc the 
proof 0/ their properties more easily understood and remembered. It is also 
a powerful instrument in the solution of a large class of problems r dating 
to these curves. 



Jellet (John H.)— A treatise on the theory of 

• FRICTION. By John H. Jellet, B.D., Senior Fellow of 
Trinity College, Dublin ; President of the Royal Irish Academy. 
8vo. &r. (id. 

The theory of friction is as truly a part of Rational Mechanics as the 
theory of gravitation. This book is taken up with a special investigation 
of the laws of friction ; and some of the principles contained in it are 
believed to be here enunciated for the first time. The work consists of eight 
Chapters cts follows : — /. Definitions and Principles, II, Equilibrium 
with FHction, \ III, Extreme Positions of Equilibrium, IV. Movement 
of a Particle or System of Particles, V, Motion of a Solid Body, VI. 
Necessary and Possible Equilibrium, VII. Determination of the Actual 
Value of the Acting Force of Friction, VlIL Miscellaneous Problems — 
I. Problem of the Top. 2. Friction Wheels and Locomotives. 3. 
Questions for Exercise. ** The work is one of great research^ and will 
euld much to the already great reputation of its author," — Scotsman. 



Jones and Cheyne. — algebraical exercises. Pro- 
gressively arranged. By the Rev. C. A. Jones, M. A., and C. H. 
Cheyne, M. A. , F. R. A. S. , Mathematical Masters of Westminster 
School. New Edition. i8mo. cloth. 2s, 6d, 

This little book is intefided to meet a difficulty which is probably felt more 
or less by all engaged in teaching Algebra to beginners. It is, that while 
new ideas are being acquired, old ones are forgotten. In the belief that 
constant practice is the only remedy for this, the present series of miscel- 
laneous exercises has been prepared. Their peculiarity consists in this^ 
that though miscellaneous they are yet progressive^ and may be -used "b-j 
//Se jfujf/7 a/fftost from the commencement of His studies. T^M. ^<»>^ 
^ofAe^ sfttended chiefly for Schools and Junior Stiidents^ tKe Kigjvw ^o.t 
t^fj^/jsr^ra Aave not been included. 
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Kitchener.— A geometrical NOTE-BOOK, containing I 
Easy Problems in Geometrical Drawing preparatoiy to the Study 
of Geometry. For the Use of Schools. By F. E. Kitchener, 
M. A., Mathematical Master at Rugby. New Edition. 4to. 2j. 

// is the object of this book to make some way in overcoming the difficuittes 
of Geometrical conception^ before the mind is called to the attack of 
Geometrical theorems, A few simple methods of construction are given; 
and space is left on each page, in order that the learner may draw in the 
figures, 

Morgan.— A COLLECTION OF PROBLEMS AND EXAM- 
PLES IN MATHEMATICS. With Answers. By H. A. 
Morgan, M.A., Sadlerian and Mathematical Lecturer of Jesos 
College, Cambridge. Crown 8vo. doth. 6s, 6d, 

This book contains a number of problems, chiefly elementary^ in the 
MathemcUical subjects usually read at Cambridge, They have been 
selxted from the papers set during late years at Jesus College^ Very few 
of them are to be met with in other collections, and by far the larger 
number are due to some of the most distinguished Mathematicians in tki 
Unvversity, 

Newton's PRINCIPIA. Edited by Professor Sir W. Thomson 
and Professor Blackburn. 4to. cloth. 31J. dd. 

It is a sufficient guarantee of the excellence of this complete edition of 
Newton^ s Principia that it has been printed for and under the care ofPr9' 
fessor Sir William Thomson and Professor Blackburn, of Glasgow Uni- 
versity. The foll(nving notice is prefixed : — * * Finding that all the editions 
of the Principia are now out of print, we have been induced to reprint 
Newton's last edition [of 1 726] without note or comment, only introducing 
the * Corrigenda* of the old copy and correcting typographical errors,"^ 
The book is of a handsome size, with large type, fine thick paper, and cleanly 
cut figures, and is the only modern edition containing the whole of Newtofi s 
great work, " Undoubtedly the ffiest edition of the text of the * Principia * 
which has hitherto appeared.''— -^nucKTioiiKL Times. 

I^arkinson. — Works by S. Parkwsoi*,I>.T>., '« .^^.,^€\w«i 
Tutor of St John's College, CambiiAg^- 
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'arkin son — continued, 

N ELEMENTARY TREATISE ON MECHANICS. For the 
Use of the Junior Classes at the University and the Higher Classes 
in Schools. With a Collection of Examples. Fourth edition, revised. 
Crown 8vo. cloth, gj. 6d, 

In preparing this work the author^ s object has been to include in it 
tch portions of TTuoretical Mechanics cu can be conveniently investigated 
ithout the use of the Differential Calculus^ and so render it suitable as 

manucU for the junior classes in the University and the higher classes 
I Schools, With one or two short exceptions^ the student is not presumed 
' require a knan/ledge of any branches of Mathematics beyond the elements 
f Algebra^ Geometry^ and Trigonometry, Several additional propositions 
ave been incorporated in the tuork for the purpose of rendering it more 
Tmplete; and the collection of Examples and Problems has been largely 
ureased, 

L TREATISE ON OPTICS. Third Edition, revised and enlarged. 
Crown 8vo. doth. loj. 6^/. 

A collection of examples and problems has been appended to this work^ 
'jhich are sufficiently numerous and varied in character to afford useful 
xercise for the student. For the greater part of them^ recourse has been 
lad to the Examination Papers set in the University and the several 
Colleges during the Icut twenty years, 

Phear. — ^elementary hydrostatics, with Numerous 
Examples. By J. B. Phear, M.A., Fellow and late Assistant 
Tutor of Clare College, Cambridge. Fourth Edition. Crown 
8vo. cloth. 5^. (>d. 

This edition has been carefully revised throughout^ atui many nrw 
llustrations and examples added, which it is hoped will increase its 
isefulness to students at the Universities and in Schools, In accordance 
vith suggestions from many engaged in tuition^ answers to all the 
Examples have been given at the end of the book. 

Pratt.— A TREATISE ON ATTRACTIONS, LAPLACE'S 
functions, and the figure of THE E^^XVL, 
By John H. Pratt, M.A., AtcKdeacotv ol C^ca\Xa-» Kxs&sNax ^ 
" The Mathematical Principles of Mec\iacn:\cs\^>K^o^^^ -^ ^ "^"^ 
Edition, Crown 8vo. cloth. 6j. 6c?. 
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The authtn^s chief design in this treatise is to give an answer to l 
question, " Has the Earth acquired its present form from being original 
in a fluid state ? " This Edition is a complete revision of the former one 



Puckle. — AN ELEMENTARY TREATISE ON CONIC SEC 
TIONS AND ALGEBRAIC GEOMETRY. With Numeroi 
Examples and Hints for their Solution ; especially designed for tl 
Use of Beginners. By G. H. Puckle, M.A., Head Master ( 
"Windermere College. New Edition, revised and enlarged. Crow 
8vo. cloth. 7j. 6d. 

This work is recommended by the Syndicate of the Cambridge Loct 
Examinations, and is the text-book in Harvard University, U,S, Th 
ATHENiEUM says the author ** displays an intimate acquaintam 
Tvith the difficulties likely to be felt, together with a singular apHiude ii 
removing themy 



RawlinSOn.— ELEMENTARY STATICS, by the Rev. Geom) 
Rawlinson, M. a. Edited by the Rev. Edward Sturges,M.A. 
of Emmanuel College, Cambridge, and late Professor of the Applie 
Sciences, Elphinstone College, Bombay. Crown 8vo. doth. 4^. 6^ 

Published under the authority of Her Majesty's Secretary of State fo 
India, for use in the Government Schools and Collies in India. 

Reynolds.— MODERN methods in elementary 

GEOMETRY. By E. M. Reynolds, M.A., Mathematica 
Master in Clifton College, Crown 8vo. 3J. 6d, 

This little book has been constructed on one plan throughout, that e 

always giving in the simplest possible form the direct proof from the natur 

of the ccLse, The axioms necessary to this simplicity have been assumei 

without hesitation, and no scruple has been felt as to the increase 

/Aar number, or the acceptance of as many elementary notions a 

^<0mx^^^H e'x^erience fdaces past all doubt. The boofe dijfers most front estal 

^MaaT^lenw/km^in its coHitrtutions, and in Us early a^Ua*Mmo| Ari 
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Xouth.— AN ELEMENTARY TREATISE ON THE DYNA- 
MICS OF THE SYSTEM OF RIGID BODIES. With 
Numerous Examples. By Edward John Routh, M.A., late 
Fellow and Assistant Tutor of St. Peter's College, Cambridge; 
Examiner in the University of London. Second Edition, enlarged. 
Crown 8vo. cloth. 14J. 

In this edition the author has made several additions to each chapter. 
yjf has tried to make each chapter^ as far as possible^ complete in itself 
o that all that relates to any one part of the subject may be found in the 
amc place. This arrangement will enable every student to select his 
wn order in which to read the subject. The Examples which will be 
'ound at the end of each chapter have been chiefly selected from the 
Examination Papers which -have been set in the University and the 
'Colleges in the last few years. 
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WORKS 
By the REV. BARNARD SMITH, M.A., 

Rector of Glaston, Rutland, late Fellow and Senior Bursar 
of St. Peter's College, Cambridge. 

ARITHMETIC AND ALGEBRA, in their Principles and Appli- 
cation ; with numerous systematically arranged Examples taken 
from the Cambridge Examination Papers, with especial reference 
to the Ordinary I'.xamination for the B.A. Degree. Twelfth 
Edition. Crown 8vo. cloth. loj. dd. 

This manual is tunv extensively used in Schools and Colleges^ both in 
England and in the Colonies. It has also been found of great service for 
students preparing for the Middle Class and CtvU and Military Servici 
Examinaiio lis ^ from the care that has been taken toelucidcUe the principles 
of all the rules. The present edition has been carefully revised, " 7# 
all those whose minds are sufficiently developed to comprehend the simplest 
mathematical reasoning, and who have not yet thoroughly mastered the 
principles of Arithmetic and Algebra, it is calculated to be of great 
advantage, " — Athenaeum. Of this work, also, one of the highest possible 
authorities, the late Dean Peacock, writes : ** Mr. Smith's work is a most 
useful publication. The rules are stated with great clearness. The 
examples are well selected, and worked out with just sufficient detail^ 
without being encumbered by too minute explanations ; and there prevails 
throughout it that just proportion of theory and practice which is the 
crowning excellence of an elementary work.'' 

ARITHMETIC FOR SCHOOLS. New Edition. CroTiTi 8vo. 
cloth. 4J. 6d. 

Adapted from the author's work on ^* Arithmetic and Algebra," by the 

omission of the cAgebraic portion, and by the introduction ot iirtv exncises. 

The reason of each arithmetical process is fully exhibited. The system oj 

jD^a'ma/ Coinage is explained ; and answers to the exercises are appended 

a/ /A^ ^m/, . TAe Arithmetic is characUrised as " admiroHVy ada'^ted for 

*Ms/rtur/u?n, combining just sufficient theory loitH a large and itteU-sdertA \ 
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Barnard Smith—conftnu^d. 

KEY TO THE ARITHMETIC FOR SCHOOLS. Eighth 
Edition. Crown 8vo. cloth. &r. 6d, 

XERCISES IN ARITHMETIC. With Answers. Crown 8vo. 
limp cloth. 2s. 6d. 

Or sold separately, Part I. is, ; Part II. is. ; Answers, 6d, 

These Exercises have been published in order to gvve the pupil examples 
every rule of Arithmetic, The ^eater number haze been carefully 
mpiUdfrom the latest University and School Examination Papers. 

:H00L class-book of arithmetic. i8mo. cloth. 3^. 

Or sold separately, Parts I. and II. \od, each; Part III. is. 

This manual^ published at the request of many schoolmasters^ and 
iefly intended for National and Elementary Schools, has been prepared 
the same plan cts tH9f adopted in the author's School Arithmetic, which 
in extensive circulation in England and abroad. The Metrical Tables 
ve been introduced, from the conviction on the part of the author that 
f knowledge of such tables, and the mode of applying them, wUl be af 
tat use to the rising generation, 

£YS TO SCHOOL CLASS-BOOK OF ARITHMETIC. Com- 
plete in one volume, i8mo. cloth, 6s. 6d,\ or Parts I., II., and 
III., 2s. 6d. each. 

IILLING BOOK OF ARITHMETIC FOR NATIONAL AND 
ELEMENTARY SCHOOLS. i8mo. cloth. Or separately, 
Part I. 2d.; Part II. 2^,; Part III. Jd, Answers, 6d, 

IE SAME, with Answers complete. i8mo. cloth, is. 6d, 

This Shilling Book of Arithmetic has been prepared for the use of 
itional and other schools at the urgent request of numerous Masters of 
ools both at home and abroad. The Explanations of the Rules and 
Examples will, it is hoped, be found suited to the most elementary, 
sses, 

:y to shilling book of AMTYM.^'^\C.. v%w^. ^^^- 

4s. 6dl 
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Barnard Smith — continued, 

EXAMINATION PAPERS IN ARITHMETIC. i8mo. clotlu 
IS. 6d. The same, with Answers, i8mo. is. ^d. 

The object of these Examination Papers is to test students both in the 
theory and practice of Arithmetic, It is hoped that the method adopted 
will lead students to deduce results from general principles rather than 
to apply stated rules. The author believes that the practice of giving 
examples under particular rules makes the working of Arithmetic quite 
mechanical, and tends to throw all but very clever boys off their balance • 
when a general paper on the subject is put before them. 

KEY TO EXAMINATION PAPERS IN ARITHMETIC. 
l8mo. cloth. 4J. dd. 

THE METRIC SYSTEM OF ARITHMETIC, ITS PRINCIPLES 
AND APPLICATION, with numerous Examples, written 
-expressly for Standard V. in National Scl^ols. Fourth Edition. 
i8mo. cloth, sewed. 3</. 

In the New Code of Regttlations issued by the Council of Education it 
is stated ** that in all schools children in Standards V. and VI, should 
know the principles of the Metric Systemy and be able to explain the 
advantages to be gained from uniformity in the method of forming multiples 
and sub-multiples of the unit." In this little book, Mr, Smith clearly 
and simply explains the principle of the Metric System^ and in con- 
siderable detail expounds the French system, and its relation to the 
ordinary English method, taking the pupil on as far as Cotnpound 
Division. The book contains numerous Examples, and two wood-cuts 
illustrating the Metric Tables of Surface and Solidity, Ansztfers to the 
Examples are appended, 

A CHART OF THE METRIC SYSTEM, on a Sheet, size 42 in. 
by 34 in. on Roller, mounted and varnished, price 3^. 6d, Fourth 
Edition. 

By the New Educational Code it is ordained that a Chart of the Metric 
Sy}Um dc conspicuously hung up on the walls of every school under 
<?overnmef/t inspection. The publishers helieue thai tHe present Chart will 
^^y^u/ta^/o answer all the requirements of the Code, and af ord a ful\ and. 
J>atyfir//y m^elHgible view of the pHnciples of the Metric System. TV 
^'^J^Ie of tAi systtm is clearly stated <md Ulustrated by exctm^le. «, 
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Barnard Smith — continued. 

Method of Forming the Tables is set forth ; Tables follo^v^ clearly showing 
the English eqtdvalent of the French measures of—i. Length ; 2. Surface; 
3. Solidity ; 4. Weight; 5. Capacity, At the bothm of the Chart is drawn 
a full-length Metric Measure^ subdivided distinctly and intelligibly into 
Decimetres f Centimetres^ and Millimetres, ^^ We do not remember that 
ever we have seen tectching by a chart more happily carried out, " — School 
Board Chronicle. 

Also a Small Chart on a Card, price id, 

EASY LESSONS IN ARITHMETIC, combining Exercises in 
Reading, Writing, Spelling, and Dictation. Part I. for Standard 
I. in National Schools. Crown 8vo. 90^. 

Diagrams for School-room walls in preparation. 

Frdm the novel method and tlie illustrations used this little book cannot 

m 

but tend to make the teaching of Arithmetic even to very young children 
interesting and successful. If the book be used according to the directions of 
the author y the method of instruction cannot but prove sound and easy, and 
acceptable to teacher and child. The Standard of Examination fixed by 
the Education Department for 1872 has been adhered to. The West- 
minster Review says : — ** We should strongly advise everyone to study 
carefully Mr, Barnard Smithes Lessons in Arithmetic, Writing, and 
Spelling, A more excellent little work for a first introduction to know- 
ledge cannot well be written. Mr. Smithes larger Text-books on Arithmetic 
and Algebra are already most favourably known, and he has proved noiu 
that the difficulty of writing a text-book which begins ab ovo is really S7ir- 
mountable ; but we shall be much mistaken if this little book has not cost 
its author more thought and mental labour than any of his more elaborate 
text-books. The plan to combine arithmetical lessons wUh those in reading 
and spelling is perfectly novel, and it is worked out in accordance with the 
aims of our National Schools ; and we are convinced that its general in- 
troduction in all elementary schools throughout the country will produce 
great educational advantages," 

THE METRIC ARITHMETIC. 

This book will go thoroughly into the p^inci^Ui 0/ iht S^stem^ vrvWo- 
Ji^'ff^ /Ae money tables of the various counirie^ loKicH Ka-ue adopted \x^ 
r/MT irontatmng a very large number of ExampUi and ^^^'^'^^j^^^j^^ 
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Snowball.— THE elements of plane and spheri-' 

CAL TRIGONOMETRY ; with the Construction and Use of 
Tables of Logarithms. By J. C. Snowball, M. A. Tenth Edition. 
Crown 8vo. cloth. *js. 6d. 

In preparing the present edition for the press^ the text heu been 
subjected to a careful revision ; the proofs of some of the more impor- 
tant propositions have been rendered more strict and general ; and more 
than two hundred examples^ taken principally from the questions set of 
late years in the public Examinations of the University and of individual , 
Colleges^ have been added to the collection of Examples and Problems for 
prcutice, • 

Tait and Steele.— a TREATISE ON DYNAMICS OF A 

PARTICLE. With numerous Examples. By Professor Tait and 

Mr. Steele. New Edition, enlarged. Crown 8vo. cloth. loj. 6</. 

In this treatise will be found all the ordinary propositions^ .connected 

with the Dynamics of Particles^ which can be conveniently deduced without 

the use of D ^Alembert^s Principle, Throughout the book will be found a 

number of illustrative examples introduced in the texty and for the most 

part completely worked out ; others with occasioned solutions or hints to 

assist the student are appended to each chapter, . For by far the greater 

portion of these^ the Cambridge Senate-House and Collie ExamisMtUm 

Papers have been applied to. In the new edition numerous trivial errors^ 

and a few of a more serious character^ have been corrected^ while many ' 

new examples have been added. 

Taylor. — GEOMETRICAL CONICS; including Anharmonic 
Ratio and Projection, with numerous Examples. By C. Taylok, 
B. A., Scholar of St. John's ColL Camb. Crown 8vo. doth. *fs. 6d. 

This work contains elementary proofs of the principeU properties of Conk 
Sections y together with chapters on Projection and Anharmonic Ratio, 

Tebay.— ELEMENTARY MENSURATION FOR SCHOOLS. 
With numerous Examples. By Septimus Tebay, B,A., Head 
Master of Queen Elizabeth's Grammar Schoot, Rivington. Extra 
fcsip. Svo. 3J. 6d. 
Tjie ofyec/ of the present work U to enable boys to acquVre a yMdetate 
^ftffw/edg-e o/ Mensuration in a reasonable time. All dVflvcult and vsA«i& 
'^a^Aas been avoided. The examples /or the most i>arl are eosj.w 
•^'^ ^Ars aire concise. ** A very compact useful manual. -'Si^^^KW 
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Todhunter (I.) — continued, 

ALGEBRA FOR BEGINNERS. With numerous Examples. New 
Edition. i8mo. cloth. 2^. 6^. 

Great pains have been taken to render this work intelligible to young 
stttdentSf by the use of simple language and by copious explanations. In 
determining the subjects to be include and the space to be assigned to ectch^ 
the author has been guided by the Papers given at the various examinaiiom 
in elementary Algebra which are now carried on in this country, Thi 
book may be said to consist of three parts. The first part contains thi 
elementary operations in integral and phactional expressions ; the second 
the solution of eqtmtions and problems ; the third treats of various subjects 
which are introduced but rarely into Examination Papers^ and are more 
briefly discussed, P^-ovision has at the same time been made for thi 
introduction of easy equations atid probletns at an early stage— for thost 
who prefer such a course. 

KEY TO ALGEBRA POR BEGINNERS. Crown 8vo. cloth. 
6j. 6d, 

TRIGONOMETRY FOR BEGINNERS. With numerous Examples. 
New Edition. i8mo. cloth. 2s, 6d, 

Intended to serve as an introduction to the larger treatise on Plane 
Trigonometry y published by the author. The same plan hcts been adopted 
as in the Algebra for Beginners : the subject is discussed in short chapters^ 
and a collection of examples is attached to each chapter. The first fourteen 
chapters present the geometrical part of Plane Trigonometry ; and contain 
all that is tiecessary for practical purposes. The range of matter included 
is such as seems required by the various examinations in eletnentary Tri- 
gonometry which are fiow carried on in this country. Answers are 

appended, 

•>> 

MECHANICS FOR BEGINNERS. With numerous Examples. 
New Edition. iSmo. cloth. 4r. 6d. 

Intended as a companion to the two preceding books. The work forms an 

elemetttary treatise on demonstrative mechanics. A knowledge of the elements 

at least of the theory of the subject is extremely vcUuable even for those who 

are mainly concerned with practical results. The author has accordingly 

^jfileavoured to provide a suitable introduction to the study of applied as 

zcfof/as ^/^eit?re^al mechanics. The work consists of two parts^ namely ^ 
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Todhunter {1.) -continued. 

ALGEBRA. For the Use of Colleges and Schools. Fifth Edition. 
Crown 8vo. cloth, yj. 6d, 

This work contains all the propositions which are usually included in 
elementary treatises on Algebra^ and a large number of Examples for 
Exercise. The author has sought to rettder the work easily intelligible to 
stt4dent5, without impairing the accurcuy of the demonstrations^ or con^ 
trading the limits of the subject. The Examples^ about Sixteen hundred 
and fifty /;/ number ^ have been selected with a view to illustrate every part 
of the subject. Each chapter is complete in itself; and the work will be 
found peculiarly adapted to the wants of students who are without the aid 
of a teacher. The Answers to the Examples ^ with hints for the solution of 
some in which assistance may be needed^ are given at the end of the book. 
In the present edition two New Chapters and Three hundred miscellaneous 
Examples have been added. The latter are arranged in sets, each set 
containing ten Examples. ** // has merits which unquestionably place 
it first in the class to which it belongs,^* — Educator. 

KEY TO ALGEBRA FOR THE USE OF COLLEGES AND 
SCHOOLS. Crown 8vo. los, 6d, 

AN ELEMENTARY TREATISE ON THE THEORY OF 
EQUATIONS. Second Edition, revised. Crown 8vd. cloth. 
yj". 6d, 

This treatise contains all the propositions which are usually included 
in elementary treatises on the theory of Equations, together with Examples 
for exercise. These have been selected from the College and University 
Examination Papers, and the results have been given when it appeared 
necessary. In order to exhibit a comprehensive view of the subject, the 
treatise includes investigations which are not found in all the- preceding 
elementary treatises, and also some investigations which are not to be found 
in any of thefn. For the Second Edition the work has been revised and 
some additions have been made, the most important being an account of 
the researches of Professor Sylvester respecting Newton^ s Rule, ** A 
thoroughly trustworthy, complete, and yet not too elaborate treatise" 
Philosophical Magazine. 

PLANE TRIGONOMETRY. For Schools and C^VXjy^^'s.. ^^x>aSs. 
'Edition, Crown 8yo. clotK $s. 
TAe dest^ of this work has htm to render tHe suVyccX ''•'^^^^ 
^^^/f/urj, and at the same time to afford tht 5ti*dent tKe 
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Todhunter (I.) — continued, I 

obtaining all the information which he will require on this branch of 
Mathematics. Each chapter is followed by a set of Examples: those 
which are entitled Miscellaneous Examples, together with a few in som 
of the other sets^ may be advantageously reserved by the student for exerdsi 
after he has made some progress in the subject. In the Second Ediiien 
the hints for the solution oj the Examples have been^ considerably increased, 

A TREATISE ON SPHERICAL TRIGONOMETRY. New 
Edition, enlarged. Crown 8vo. cloth. 4J. 6d, 

The present work is constructed on the same plan as the treatise, tn 
Plane Trigonometry ^ to which it is intended as a sequel. In the account 
of Napiei^s Rules of Circular PartSy an explanation has been given of a 
method of proof devised by Napier ^ which seems to have been overlookei 
by most modern writers on the subject. Considerable labour has been 
bestowed on the text in order to render it comprehensive and accurate, and 
the Examples {selected chiefly from College Examination Papers) hau 
all been carefully verified, *^ For educational purposes this work seems 
to be superior to any others on the sub;ect,^^ — Critic. 

PLANE C0.0R£)INATE GEOMETRY, as appUed to the Straight 
Line and the Conic Sections. With numerous Examples. Fourth 
Edition, revised and enlarged. Crown 8vo. cloth. 7^. 6d, 

The author has here endeavoured to exhibit the subject in a simple 
manner for the benefit of beginners, and at the same time to include in one 
volume all that students usually require. In addition, therefore, to the 
propositions which have always appeared in such treatises, he has intro- 
duced the methods of abridged notation, which are of more recent origin; 
these methods, which are of a less elementary character than the rest rf the 
work, are placed in separate chapters, and may be omitted by the student 
atjirst, 

A TREATISE ON THE DIFFERENTIAL CALCULUS. With 
numerous Examples. Fifth Edition. Crown Svo. cloth. loj. 6d, 

The author has endeavoured in the present work to exhibit a compre- 
^^^tsk/e z/iew 0/ the Differential Calculus on the method of limits. In the 
^ff^re elementary portions he has entered into considerable d/dail in the 
^i^^fuUums, Tvith the hope thai a reader who is loUhout iHe assistance of a 
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The subject of this volume has high claims to consideration on account of 
the subtle problems which it involves ^ the valuable contributions to analysis 
which it has produced, its important practical applications, and the em- 
nence of those who have cultivated it. The subject claims all the interest 
which illustrious names can confer : nearly every great tnathentatician 
within the range of a century and a half comes up in the course of the 
history. The present zuor/:, though principally a history^ may claim thi 
title of a comprehens^ivc treatise on the Theory of Probability^ for it assunus 
in the reader only so much ktwwledge as can be gained from an elcff^entary 
book on Algebra, and introduces him to almost every process and every 
species of problem which the literature of the subject can furnish. The 
author has been careful to reproduce the essential elements of the originol 
works which he has analysed, and to corroborate his statements by exact 
quotations from the originals, in the languages in which they were 
published. 

RESEARCHES IN THE CALCULUS OF VARIATIONS, 

principally on the Theory of Discontinuous Solutions : an Essay 
to which the Adams Prize was awarded in the University of Cam* 
bridge in 187 1. 8vo. 6s. 

The subject of this Essay was prescribed in the following terms by the 
Examifiers : — ^^ A determination of the circumstatues under which dis- 
continuity of any kind presents itself in tltc solution oj a problem of 
maximum or minimum in the Calculus of Variatiofts, and applications to 
particular instances. It is expected that the discussion of the itistaJtces 
should be exefnpliped as far as possible geometrically, and that attention be 
especially airected to cases of real or supposed failure of the Calculus. " The 
Essay, then, is mainly devoted to the consideration of discontinuous solutiotis; 
but incidentally various other questions in the Calculus of Variations are 
examined and elucidated. The author hopes that he has defiftitely contri- 
buted to the extensioft and improvement of our knowledge of this refined 
department of analysis. 



Wilson (J. M.) — PLANE GEOMETRY. Following the 
Syllabus of the Geometrical AssodaUoiv, Books I. II. III. By J. 
M. WihSOi^y M.A., lateFellovf olS>t.3c>\«^?.Cc\\tS;'^^^KjQ»xv^s{5.^ 
• and JJfathematical Master of Rxi^b^ S»c\xoo\. li^^^ ^eCxSlvscu 
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Wilson (J. M.) — cofUtnued, 

SOLID GEOMETRY AND CONIC SECTIONS. With Appen- 
dices on Transversals and Harmonic Division. For the use of 
Schools. By J. M. Wilson, M.A. New Edition. Extra fcap. 
8vo. 3^. 6d. 

This work is an endeavour to introduce into schools some portions oj 
Solid Geometry which are now very little read in England. The first 
twenty-one Propositiotis of Euclid* s Eleventh Book are usually all the 
Solid Geometry that a boy reads till he meets with the subject again in the 
course of his analytical studies. And this is a matter of regi'ety because 
this part of Geometry is specially valuable attd attrcutive. In it the atten- 
tion of the student is strongly called to the subject mcUter of the reasoning ; 
the geometrical imagifiation is exercised ; the methods employed in it 
are more ingenious than those in Plane Geometry ^ and have greater diffi' 
cutties to meet ; and the applications of it in practice are more varied, 

Wilson (W. P.)— A TREATISE ON DYNAMICS. By 
W! P. Wilson, M.A., Fellow of St. John's College, Cambridge, 
and Professor of Mathematics in Queen's College, Belfast. 8vo. 
9j. (>d, 

**This treatise supplies a great educational need,** — Educational 
Times. 

Wolstenholme. — a BOOK OF MATHEMATICAL 
PROBLEMS, on Subjects included in the Cambridge Course. 
By Joseph Wolstenholme, Fellow of Christ's College, some- 
time Fellow of St John's College, and lately Lecturer in Mathe- 
matics at Christ's College. Crown 8va cloth. 8j. 6d, 

Contents: — Geometry (Euclid) — Algebras-Plane Trigonometry — 
Geometrical Conic Sections — Analytical Conic Sections — Theory of Equa- 
tions — Differential Calculus — Integral Calculus — Solid Geometry — Statics 
— Elementary Dynamics — Newton — Dynamics of a Point — Dynamics of 
a Rigid Body — Hydrostatics — Geometrical Optics — Spherical Trigonometry 
and Plane Astronomy, ** Judicious^ symmetrical^ and imcLI arYa-a^edT — 
Guardian, 
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SCIENCE. 

ELEMENTARY CLASS-BOOKS. 

The importance of Science as an element of sound educa- '- 
tion is now generally acknowledged; and accordingly it 
is obtaining a prominent place in the ordinary course of j 
school instruction. It is the intention of the Publishers to 
produce a complete series of Scientific Manuals, affording ! 
full and accurate elementary information, conveyed in clear 
and lucid English. The authors are well known as among 
the foremost men of their several departments ; and ^heir ' 
names form a ready guarantee for the high character of the i 
books. Subjoined is a list of those Manuals that have 
already appeared, with a short account of each. Others 
are in active preparation ; and the whole will constitute a 
standard series specially adapted to the requirements of be- 
ginners, whether for private study or for school instruction. 

ASTRONOMY, by the Astronomer Royal. 

POPULAR ASTRONOMY. With lUustrations. By Sir G. B. 
Airy, K.C.B., Astronomer Royal.' New Edition. i8mo. 
cloth. 4?. dd. 

This work consists of six lectures^ which are intended " to explain to 
ifitelligent persons the principles on which the instruments of an Observa" 
^ry are amstructed (omitting aU details^ so far as they are merely sub* 
rM'afy^J, and the principles on which the obseroations made VntK iKcu 
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£lementary Class- Books — continued. 

formula^ and all troublesome details of calculation. " The speciality of this 
T/olume is the direct reference of every step to the Observatory^ and the full 
eiescription of the methods and instruments of observation. 

ASTRONOMY. 

MR. LOCKYER*S ELEMENTARY LESSONS IN ASTRO- 
NOMY. With Coloured Diagram of the Spectra of the Sun> 
Stars, and Nebulae, and numerous Illustrations. By J. Norman 
LOCKYER, F.R.S. New Edition. i8mo. 5j. 6</. 

The author has here aimed to give a connected view of the whole subject ^ 
eind to supply fhctSf and ideas founded on the facts, to serve as d basis for 
subsequent study and discussion. The chapters treat of ihe Stars and 
Nebula; the Sun; the Solar System ; Apparent Movements of the Heavenly 
Bodies ;^he Measurement of Time; Light; the Telescope and Spectroscope; 
Apparent Places of the Heavettly Bodies; the RecU Distances and Dimen- 
sions; Universal Gravitation, The most recent astronomical discoveries 
are incorporated, Mr, Lockyei^s work supplements that of the Astronomer 
Royal mentioned in the previous article, ** The booh is fully clear, sound ^ 
and worthy of attention, not only as a popular exposition, but as a scientific 
* Jndex,^ "—ATHENiEUM. ** The most fascinating of elementary books 
en the Sciences,^' — ^Nonconformist. 

QUESTIONS ON LOCKYER'S ELEMENTARY LESSONS 
IN ASTRONOMY. For the Use of Schools. By John Forbes- 
Robertson. i8mo. cloth limp, is, 6^/. 

PHYSIOLOGY. 

PROFESSOR HUXLEY»S LESSONS IN ELEMENTARY 
PHYSIOLOGY. With numerous Illustrations. By T. H. 
Huxi.EY, F.R.S., Professor of Natural History in the Royal Scliool 
of Mines. New Edition. i8mo. cloth. 4J. (>d. 

This book describes and explains, in a series of graduated lessons, the 
principles of Human Physiology ; or the Structure atfd Functions of the 
Human Body, The first lesson supplies a genercU view of the subject. 
This is followed by sections on the Vascular or Venous System, and vV.t 
Circu/a/ioft ; the Blood and the Lymph; RespiraJ^oni Sourcts of l.o« 

afi^o/Gain ^ (Ae Blood; the Function of Alimentation ; Y'^J^v -. 

lacif mo/ten; Sensaficns aud Sensory Ot^'o-^xi ; iht Organ. i>l 



46 EDUCATIONAL BOOKS. 

* 

Elementary Class- Books — €oniinued. 

Coalescence of Sensations with one another and with other States of Coth 
sciotisness ; the Nervous System and Innervation; Histology^ or Hu 
Minute Structure of the Tissues, A Table of Anatomical and Physk* 
logical Constants is appended. The lessons are fully illustrated Ij . 
numerous engravings. The new edition has been thoroughly reznsed^ and 
a considerabh number of new illustrations added, several of these having 
been taken from the rabbity the sheep, the dog, and the frog, in order to aid 
those who attefnpt to make their knowledge real by acquiring some practical 
acquaintance with the facts of Anatomy and Physiology. " Pure gold 
throughout, '*'* — Guardian. ** Unquestionably the clearest and most 
complete elementary treatise on this subject that we possess in any lan- 
guage." — Westminster Review. 

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR SCHOOLS. 
ByT. Alcock, M.D. i8mo, is. 6d, 

These Questions were drawn up as aids to the instruction of a class oj 
young people in Physiology, 

BOTANY. 

PROFESSOR OLIVER'S LESSONS IN ELEMENTARY 
BOTANY. With nearly Two Hundred Illustrations. New 
Edition. i8mo. cloth, d^s. 6d. 

This book is designed to teach the Elements q/ Botany on Professor 
ffenslow' s plan of selected Types and by the use of Schedules, The earlier 
chapters, embracing the elements of Structural and Physiological Botany, 
introduce us to the methodical study of the Ordittal Types, The con- 
eluding chapters are eti titled, ^^ How to dry Plants ^^ and ** Ifow to 
describe Plants." A valtmble Glossary is appended to the volume. In 
the preparation of this work free use has been made of the manuscript 
materials of the late Professor Henslow, 

CHEMISTRY. 

PROFESSOR ROSCOE'S LESSONS IN ELEMENTARY 
CHEMISTRY, INORGANIC AND ORGANIC. By Henry 
K RoscoE, F.R.S., Professor of Chemistry in Owens College, 
Manchester, With numerous l\lustaca.V\oTi"5 «cA 0«acMi-\}^<i^ ^ 
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It has been the endeavour of the author to arrange the most important 
facts and principles of Modem Chemistry in a plain but concise and 
scientific form, suited to the present requirements of elementary instruction^ 
For the purpose of facilitating the attainment of exactitude in the knowledge 
of the subject i a series of exercises and questions upon the lessons have been 
added. The metric system of weights and measures, and the centigrade 
thermometric scale, are used throughout the work. The New Edition, 
besides new wood-cuts, contains many additions and improvements, and 
includes the most important of the latest discoveries. ^*' As a standard 
general text-book it deserves to take a leading place." — Spectator. " We 
unhesitatingly pronounce it the best of all our dementary treatises on 
Chemistry." — Medical Times. 

In ordering, please specify Macmillan^s Edition. 

POLITICAL. ECONOMY. 

POLITICAL ECONOMY FOR BEGINNERS. By Millicent 

G. Fawcett. New Edition. i8mo. 2s. 6d, 
This work has been written mainly with the hope that a short and 
elementary book might help to make Political Economy a more popular 
study in boy^ and girls^ schools. In order to adapt the book especially for 
school use, questions have been added at the end of each chapter. In the 
New Edition each page has been carefully revised, and at the end of each 
chapter after the questions a few little puzzles have been added, which will 
add interest to the book and teach the learner to think for himself. * * Clear, 
compact, and comprehensive."** — DAILY News. " The relations of capital 
and labour have never been more simply or more clearly expounded." — 
Contemporary Review. 

LOGIC. 

ELEMENTARY LESSONS IN LOGIC ; Deductive and Induc- 
tive, with copious Questions and Examples, and a Vocabulary of 
Logical Terms. By W. Stanley Jevons, M. A. , Professor of Logic 
in Owens College, Manchester. New Edition. i6mo. 3^. dd. 

In preparing these Lessons the author has attempted to show that Logic, 

even in its traditional form, can be made a highly useful sub\tct of ^tw-d-^ ^ 

a^ a powerful means of mcfital exercise, WilK this •utrw \t >vas a-uoKd^d. 

/Ae ure o/ superfluous technical termSy and has abstained from ^^^^""^J^^ 

n/o f^$4effiims of a purely speculcUive or meta^Hysical ^^°''^°^*^^^^s a.Y. 

v«^w5r f//us/rafy'ons f9& often femnd in iaior}ii on Logic* exo^*"- 
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Elementary Class-Books — continued. 

from the distinct objects and ideas treated in the natural and expern 
sciences have been generally substituted. At the end of almost 
Lesson wtil be found tejerences to the works in which the student rvii 
profitably continue his reading of the subject treated^ so that thii 
volumt may serve as a guide to a more extended course of study. 
Guardian thinks ^^ nothing can be better for a school-book^^ at 
Athen^um calls it ** a manual alike simple^ interesting^ andscie*, 

PHYSICS. 

LESSONS IN ELEMENTARY PHYSICS. By Bai 
Stewart, F.R.S., Professor of Natural Philosophy in ( 
College, Manchester. With numerous Illustrations and Ch 
liths of the Spectra of the Sun, Stars, and Nebulae. New Ec 
i8mo. 4f. dd, 

A description, in an dementaty manner, of the most important o^ 
laws which regulate the phenomena oj naiurt. The active agents, 
light, electricity, etc., are regarded as varieties of energy, and the « 
so arranged thai their relation to one another, looked at in this lighk 
the paramount importance of the laws of energy, are clearly brougk 
The volume contains all the necessary illustrations, and a plate r^ 
ing the Spectra of Sun, Stars, and Nebula, forms a frontispiece. 
Educational Times c(dls this " the beau ideal of a scientific text 
clear, accurctte, and tlufroughJ*^ 

PRACTICAL CHEMISTRY. 

THE OWENS COLLEGE JUNIOR COURSE OF PI 
TICAL CHEMISTRY. By Francis Jones, Chemical W 
in the Grammar School, Manchester. With Preface by Pro] 
Roscoe. With Illustrations. New Edition. i8mo. 2j. 6d, 

This little book contains a short description of a course of Pro 
Chemistry, which an experience of many years hcts proved suitabt 
those commencing the study of the science. It is intended to supple 
not to supplant, instruction given by the teacher. The subject-mattet 
been very carefully compiled, and many useful cuts are introduced, 

ANATOMY. 

LESSONS IN ELEliLEt^T K^^ K^KTOWi. ^i^-^.Q^^ 
MiVART, F.R.S., etc.. Lecturer m Comv^«^NAN^ KxaXoavi 
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Oliver (Professor).— FIRST BOOK OF INDIAN BOTANY, j C 
By Daniel Oliver, F.R.S., F.L.S., Keeper of the Herbarium 
and Library of the Royal Gardens, Kew, and Professor of Botany 
in University College, London. With numerous Illustrations. ! 
Extra fcap. 8vo. dr. 6d. \ 

This manual is, in substanci, the authof's **Less&ns in JEUmaUaiyl £ 
Botany,** adapted for use in India* In preparing it he has had in view q 
the toant, often felt, of sotne handy resum^ of Indian Botany, which m^ ^^. 
he serviceable not only to residents of India, but also to any one about tt ^ 
proceed thither^ desirous of getting some preliminary idea of the Botany ej ^-^ 
that country, '* It contains a well-digested sumfnaty of all essetttial know- 
ledge pertaining to Indian botany, wrought out in accordance with the bat 
principles of scientific arrangement,** — Allbn's Indian Mail. 

Other volumes of these Manuals will follow. 



or 
< < 



Ball (R. S., A.M.)— EXPERIMENTAJ. MECHANICS, j^'^ 
A Course of Lectures delivered at the Royal College of Sdence 
for Ireland. By Robert Stawell Ball, A.M., Professor of 
Applied Mathematics and Mechanics in the Royal Coll^ne of|^^ 
Science for Ireland (Science and Art Department). Royal 8vo. ^*" 
i6s. ^^ 



"W/ 



The author's aim has been to create in the mind of the student physical ^q^^ 
idects corresponding to theoretical laws, and thus to produce a work which\^ 
may be regarded either as a supplement or an introduction to manuals of\^u 
theoretic mechanics. To realize this design, the copious use of experimental ^^ 
N illustrations was necessary. The apparatus used in the Lectures, ani\f^^ 
figured in the volume, has been principally built up from Professor Williis 
most admirable system. In the selection of the subjects, the question oj *\ 
practical utility has in many cases been regarded as the one of paramount 
importance. The elementary truths of Mechanics are too well known it 
admit of novelty, but it is believed that the mode of treatment which is 
adopted is more or less original. This is especially the case in the Lectures 
re^ii^'n^ fo/riction^ to the mechanical porwen^to the strength of timber and 
s^^tTtOura, /b the laws of motion^ and to the pendulum. TKe \aittWa*lMm&^ 
^^mufnjram the apparatus^ art nearly all original, and are >>€aiu«iiii».i 
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Cooke (Josiah P., Jun.)— first principles of 

CHEMICAL PHILOSOPHY. By JosiAH P. Cooke, Jun., 
Ervine Professor of Chemistry and Mineralogy in Harvard CoUege. 
Crown 8to. 12^. 

The object of the author in this book is to present the philosophy of 
Chemistry in such a form thai it can be made with profit the subject of 
College recitcttionsy and furnish the teacher with the means of testing the 
studenfs faithfulness and ability. With this view the subject has been 
eieveloped in a logical order, and the principles of the science are taught 
independently of the expertmental evidence on which they rest, 

KoSCOe (H. E.)— SPECTRUM ANALYSIS. Six Lectures, 
with Appendices, Engravings, Maps, and Chromolithographs. 
By H. E. RoscoE, F.R.S., Professor of Chemistry in Owens 
College, Manchester. Third Edition, revised throughout. Royal 
8vo. 2is» 

** In six lectures he has given the history of the discovery and set forth 
the fctcts reletting to the analysis of light in such a way that any rectder of 
ordinary intdligence and information will be able to understand what 
* Spectrum Analysis * is, and what are its claims to rank among the most 
signal triumphs of science of which even this century can boast,** — Non- 
conformist. " The illustrations — no unimportant part of a book on 
such a subject-'^re marvds of wood-printing, and reflect the clearness 
•which is the distinguishing merit of Mr, Roscois explanations.** — 
Saturday Review. ** The lectures themselves furnish a most ad- 
fnirable elementary treatise on the subject, whilst by the insertion in 
appendices to each lecture of extracts from the most important published 
memoirs, the author has rendered it equally valuable as a text-book 
for advanced students** — Westminster Review. 

Thorpe (T. E.)— a series of chemical problems, 

for use in Colleges and Schools. Adapted for the preparation of 
Students for the Government, Science, and Society of Arts Exa- 
minations. With a Preface by Professor Roscoe. i8mo. 
cloth. \s. 

In the Preface Dr, Roscoe says—-** My experience has led me to feel more..^ 
and more strongly that by no method co.n occuracy in a IttuyvwUd^* ol 
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chemistry be more surely secured than hy attention to the working of wd 
selected problemsy and Dr, Thorpe* s thorough acquaintance with the warn 
of the student is a sufficient guarantee that this selection hcu been car^'uk 
made, J intend largely to use these questions in my own classes^ and lea 
confidently recommend them to all teachers and students of the science,** 

Wurtz.— A HISTORY OF CHEMICAL THEORY, from tl 
Age of Lavoisier down to the present time. By Ad. Wurt 
Translatedby Henry Watts, F.R.S. Crown 8vo. 6s. 

** The treatment of the subject is admirable^ and the translator k 

evidently done his duty most efficiently** — Westminster Revieii 

** The discourse^ as a r^mn^ of chemical theory and research, umi 

. singular luminousness andgrctsp, A few judicious notes are added by i 

translator,** — Pall Mall Gazette. 






• ./ /" 



SCIENCE PRIMERS FOR ELEMENTARY 

SCHOOLS. 

The necessity of commencing the teaching of Science in Schools at \ 
early stage of the pupil's course has now become generally reco; 
nized, and is enforced in all Schools under Government inspectio 
For the purpose of facilitating the introduction of Science Teachii 
into Elementary Schools, Messrs. Macmillan have had in pi 
paration for some time a New Series of Science Primers, und 
the joint Editorship of Professors Huxley, Roscoe, and Balfoi 
Stewart. The object of these Primers is to convey informati< 
in such a manner as to make it both intelligible and interesting 
pupils in the most elementary classes. They are clearly printed < 
good paper, and illustrations are given whenever they are necessa 
to the proper understanding of the text. The following are ji 
published : — 

CHEMISTRY, By H. E. Roscoe, Professor of Chemistry in Owe 
College, Manchester. iSmo. is. ^eQ.o\A'^A\NSaTL. 

PHYSICS. By Balfour Stbw/l^t, Yioless^x ol^^\xa»i^\Stf* 
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In these Manuals ike authors have atmedf not so much to give informa' 
Hon, as to endeavour to discipline the mind in a way which has not 
hitherto been customary, by bringing it into immediate contact with 
JViature herself. For this purpose a series of simple experimefits {to be 
Performed by the teacher) has been devised, leading up to the chief truths 
of each Science, Thus the power of observation in the pupils will be 
awakened and strengthened. Each Manual is copiously illustratedf and 
appended are lists of all the necessary apparatus, with prices, and 
directions as to haw they may be obtained. Professor Huxley^ s introduc- 
tory volume has been delayed through the illness of the autkor, but it is 
now expected to appear very shortly, " They are wonderfully clear and 
lucid in their instruction, simple in style, and admirable tn plan^^ — 
Educational Times. 

PRIMER OF PHYSICAL GEOGRAPHY. By A. Geikie, LL.D., 
F.R.S., Murchison-Profcssor of. Geology and Mineralogy in the- 
tlniversity of Edinburgh. With numerous Illustrations. i8mo. 
cloth. \s. 

Everyone ougkt to know something about the air we breathe and the 
earth we live upon, and about the relations between them ; and in this 
little work the author wishes to shoiv what sort of questions may be put 
about some of the chief parts of the book ofncUure, and especially about two 
of the'm^the Air and the Earth, The divisions of the book are as 
follows '.—The Shape of the Earth— Day and Night— The Air— The 
Circulation of Water on the Land — 7he Sea — The Inside of the Earth, 

[Immediately, 

m 

INTRODUCTORY. By Professor Huxley. \In the press, 

\ 

■ PRIMER OF GEOLOGY. By Archibald Geikie, F.R.S. 

\Immediatdy, 
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Abbott.— A SHAKESPEARIAN GRAMMAR. AnAttemptto 
illustrate some of the Differences between Elizabethan and Moden 
English. By the Rev. E. A. Abbott, M.A., Head Master of the , 
City of London SchooL For the Use of Schools. New and £&• 
larged Edition. Extra fcap. 8vo. 6j. 

The object of this work is to furnish students of Shakespeasne ami Boon | 
wUh a short systematic account of some points of difference between £iiaih j ] 
bethan syntax and our own, A section on Prosody is added^ and Nota 
and Questions, The success which has attended the First and Second 
-Editions of the ''SHAKESPEARIAN Grammar/' a»^ the demand for a 
-Third Edition within a year of the publication of the Firsts haveencauragd 
the author to endeavour to make the work somewhat more useful^ and U 
render it, as far as possible^ a complete book of reference for all difficulties of 
Shakespearian syntax or prosody. For this purpose the whole of Shake- 
speare has been re-read, and an attempt has been made to include within 
this Edition the explanation of every idiomatic difficulty thai comes within 
the province of a grammar as distinct from a glossary. The great object 
being to make a useful book of reference for students, and especially for 
classes in schools, several Plays haz^e been indexed so fully that with the asA 
of a glossary and historiccU notes the references will serve for a complete com- 
mentary. * * A critical inquiry, conducted with great skill and knowledge^ 
and with all the appliances of modem philology .... We venture to bdieve 
that those who consider themselves most proficient as Shakespearians will 
find something to learn from its pages,** — Pall Mall Gazette. 
" Valuable not only as an aid to the critical study of Shakespeare, but 
as tending to familiarize the reader with Elizabethan English in 
general.** — ATHENiEUM. 

Bates. -^ A CLASS-BOOK 0¥ GE.OO^K^Wi, KJ^a.^\»iiothc- 
recent Programme of the Royal Geogwc^^5^c»^.^^icve:1« "^l"^. 
W. Bates, Assistant Secretary to ^e ^oy2\G«.«t^^jVv«2.^«^ 
' \IntKePn 
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study by references to the Literature of the Science, Tlte uniform object 
has been to give a careful representation of the conflicting theories ^ supplying 
the reader with matericUsfor independent judgment, 

CAMEOS FROM ENGLISH HISTORY— See Yonge (C. M.) 

Delamotte.— A beginner's drawing book. By P. H. i 

Delamotte, F.S.A. Progressively arranged, with upwards- of 
Fifty Plates. Crown 8vo. Stiff covers. 2s. 6d, i 

This worh is intended to give such instruction to Beginners in Drawings 
and to place before theni copies so easy, that they may not find any obstacU , 
in making the first step. Thenceforward the lessons are gradually i 
progressive. Mechanical improvements too have lent their aid. The whole J 
of the Plates have been engraved by a new process , by means of which a . 
varying depth of tone — up to the present time the distinguishing character- 
istic of pencil drawing — has been imparted to woodcuts, ** We have seen 
and examined agreed many drawing-books, but the one now before us strikes ji 
us as being the best of them all,** — ILLUSTRATED TiMBS. " A concise^ j 
simple, and thoroughly practical work. The letter-press is throughout I 
intelligible and to the point, " — G UARDIAN. 

D'Oursy and Feillet.— a FRENCH GRAMMAR AT 

SIGHT, on an entirely new method. By A. D'Oursy- and 
A. Feillet. Especially adapted for Pupils preparing for Exa- 
mination. Fcap. 8vo. cloth extra. 2s, 6d. 

The method followed in this volume consists in presenting the grammar 
cu much as possible by synoptical tables, which, striking the eye at once, and 
following throughout the same order — " used — ^not used ; " ** changes- 
does not change '* — are ecuUy remembered. The parsing tables vnll enable 
the pupU to parse easily from the beginning. The exercises consist of . 
'translations from French into English, and from English into French ; . 
and of a number of grammatical questions, | 

Freeman (Edward A.) — old -ENGLISH HISTORY. 

By Edward A. Freeman, D.C.L., late Fellow of Trinity 
College, Oxford. With Five Coloured Maps. Second Edition. 
Extra fcap, 8yo. half-bound. 6;. 
JP^ rapid sale of the first edition and the unwersal al)^or«aX iwCtfc which 
^ Aas dem received, show that the oMiof^i cotwictions Kowe \>em n»A\ 
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the civilized worlds that is, of Eurepe, and of the lands which have draam 
their civilization from Europe, Its object is to trace out the general rela- 
tions of different periods and different countries to one attother^ withoiU 
going minutely into the aff^airs of any particular country, TTtis is an ■. 
object of the first importance, for without clear notions of general history, 
the history of particular countries can never be rightly understood. The 
narrative extends from the earliest movements of the Aryan peoples , down 
to the latest events both on the Eastern and Western Continents, The 
book consists of seventeen moderately sized chapters, ectch chapter being 
divided into a number of short numbered paragraphs, ecu:h with a titU 
prefixed clearly indicative of the subject of the paragraph, ** It supplies 
the great want of a good foundation for historical tecu:hing. The scheme 
is an excellent one, and this instalment has been executed in a way thai 
promises, much for the volumes that are vet to appear J** — Educational 
Times. 

/. GENERAL SKETCH OF EUROPEAN HISTORY. By 
Edward A. Freeman, D.C.L. Second Edition. i8mo. cloth. 
3j. 6d, 

IL HISTORY OF ENGLAND. By Edith Thompson. i8mo. 
cloth. 2s. 6d, I 

The following will shortly be issued : — 

SCOTLAND. By Margaret Macarthur. 
FRANCE. By the Rev. J. R. Green, M.A. 
ITALY. By the Rev. William Hunt, M.A, 
GERMANY. By J. Sime, Mi A. 

Hales.— LONGER ENGLISH POEMS, with Notes, Philological 
and Explanatory, and an Introduction on the Teaching of Ei^lish. 
Chiefly for use in Schools. Edited by J. W. Hales, M.A., late 
Fellow and Assistant Tutor of Christ's College, Cambridge, 
Lecturer in English Literature and Classical Composition at King's 
College School, London, &c. &c. Extra fcap.. 8vo. 41. 6d, 

This work has been in preparation for some years, and part of it has 

been used as a class-book by the Editor, It is intended as an aid to the 

Critical study of English Literature, and contains one or more of the 

^f^^ifr/^^ms, foch complete, of prominent En^x^h aufliors, from Spenser 

r^ Si^//^, ittc/udinp- Burns' ''Cottet^s Saturday Night'' and ^* T-wa 
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student to. analyse every obscure sentence and trace out the logical sequence 
efthepod^s thoughts ; to point out the rules of Shakespear^s versification ; 
to explain obsolete tvords and meanings ; and to guide the students taste by 
directing his attention to such passages as seem especially worthy of note for 
their poetical beauty or truth to nature. The text is in the main founded 
upon that of the first collected edition of Shakespear^s Plays, 

Martin.— SPRING-TIME with the poets. By Frances 
Martin. Second Edition. i8mo. y. 6d. ^ 

' Tikis is a selection of poetry intended mainly for girls and boys between 
the ages of twelve and seventeen. 

THE POET'S HOUR : Poetry Selected and Arranged for Children. 
By Frances Martin. Second Edition. i8mo. 3^. 6</. 

This volume consists of nearly 200 Poems s^Ucted from the best Poets, 
ancient and modern, and is intended mainly far children between the ages 
of eight and twelve, 

M'Cosh (Rev. Principal). — For other Works by the same 
Author, see Philosophical Catalogue. 

THE LAWS OF DISCURSIVE THOUGHT. Being a Text-Book 
. of Formal Logic. By James M'Cosh, D.D., LL.D. 8vo. 5j. 

In this treatise the Notion {with the Term and the Relation of Thought 
to language,) will be found to occupy a larger relative place than in any 
logiccUwork written since the time of the famous ** Art of Thinking,^* 
'* We heartily ivdcome his book cu one which is likely to bt of great value 
in Colleges and Schools," — ATHENiKUM. 

Morris.— HISTORICAL OUTLINES OF ENGLISH ACCI- 
DENCE, comprising Chapters on the History and Development 
of the Language, and on Word-formation. By the Rev. Richard 
Morris, LL.D., Member of the Council of the Philol. Soc, 
Lecturer on English Language and Literature in King's College 
School, Editor of ** Specimens of Early English," &c. &c. Third 
Edition. Extra fcap. Svo. 6s, 

Dr, Aforris has endeavoured to write a work which can be profitably 
usai^v students and bv the upper forms in our ^blVc scKooU. English 
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Sonnenschein and Meiklejohn — continued. 

The First Course, consisting of Short Vowels with Single 
Consonants. 3^. 

The Second Course, with Combinations ancl Briclges, con-- 
sisting of Short Vowels with Double Consonants. 4^/. 

The Third and Fourth Courses, consisting of Long 
Vowels, and all the Double Vowels in the Language. 6d. 

A Series of Books in which an attempt is made to place the process of 
learning to read English on a scientific basis. This has been done by 
separating the perfectly regular parts of the language from the irregular^ 
and by giving the re^lar parts to the learner in the exact order of their 
difficulty. The child begins with the smallest possible element^ and adds to 
that element one letter — in only one of its functions — «/ one time. Thus 
the sequence is natural and complete, " These are admirable books, because 
they are constructed on a principle^ and that the simplest princi^e on which 
it is possible to learn to read English,*^ — Spectator. 

Taylor (Rev. Isaac).— words and places ; or, 

Etymological Illustrations of History, Ethnology, and Geography. 
By the Rev. Isaac Taylor. Third Edition, revised and com- 
pressed. With Maps. Globe 8vo. ds. 

In this edition the work has been recast with the intention of fitting it 
for the use of students and general raiders^ rather than, as before, to 
appeal to the judgment of philologers. The book has already. been adopted 
by many teachers, and is prescribed as a text-book in the Cambridge Higher 
Examinations for Women: and it is hoped that the reduced size and price, 
and the other changes now introduced, may make it more generally useful 
than heretofore for Educational purposes, 

Thring. — Works by Edward Thring, M.A., Head Master ol 

Uppingham. 
THE ELEMENTS OF GRAMMAR TAUGHT IN ENGLISH, 

with Questions. Fourth Edition. i8ma 2s, 

This little work is chie/fy intended for teachers and learners. It took its 

rise from questionings in NcUional Schools, and the whole of the first part 

if marefy tAe writing out in order the answers to questions which have been 

wtMida/reac/y with success, A chapter an Lctming Languag^e is especially 

^tddressed to feacAers. 
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Thring — continued. 

THE CHILD'S GRAMMAR. Being the Substance of "The 
Elements of Grammar taught in English," adapted for the Use of 
Junior Classes. A New Edition. i8mo. \s, 

SCHOOL SONGS, A CoUecticm of Songs for Schools. With the 
Music arranged for four Voices. Edited by the Rev. E. Thring 
and H. Riccius. Folio. 7^. (ni. 

There is a iendettcy in schools to stereotype the forms of life. Any genial 
solvent is valuable. Games do mtieh; hut games do not penetrate to 
domestic life^ and are much limited by age. Music supplies the want. 
The collection includes the "Agnus Dei," Tennyson^ s "Light Brigade,** 
Macaula^s " Ivry,** &*c, among other pieces. 

Trench (Archbishop). — household book of ENG- 
LISH POETRY. Selected and Arranged, with Notes, by 
R. C. Trench, D.D., Archbishop of Dublin. Extra fcap. 8vo. 
• 55. dd. Second Edition. 

This volume is called a ** Household Book,** by this name implying that 
it is a book for all — that there is nothing in tt to prevent it from being 
confidently placed in the hands of every member of the household. Speci- 
mens of all clc^sses of poetry are given, including selections from living 
authors. The Editor has aimed to produce a book " which the emigrant, 
finding room for little not absolutely necessary, might yet find room for 
in his trunk, and the traveller in his knapsack, and that on some narrow 
shelves where there are few books this might be one,** ** The Archbishop 
has conferred in this delightful volume an important gift on the whole 
English-speaking population of the world,** — Pall Mall Gazette. 

ON THE STUDY OF WORDS. Lectures addressed (originally) 
to the Pupils at the Diocesan Training School, "Winchester. 
Thirteenth Edition. Revised and Enlarged. Fcap. 8vo. 4^. dd. 

This, it is believed, was probably the first work which drew general 
cUiention in this country to the importance and interest of the critical and 
historical study of English. It still retains its pktce as one of the most 
successful, if not the only, exponent of those aspects of words of which it 
treats. The subjects of the several Lectures are, (i) Introduction; (2) 
On the Poetry of Words ; (3) On the Morality of Words; (4) On the 
Bistory of Words; (5) On the Rise of New Wwd% \ V^\ On We X>v*' 
Hnction 0/ IVbrds : (7) 7%/5cAoo/master's Uv.of Words, 
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Trench (Archbishop)— <:^;?//>/w<Mr. 

ENGLISH, PAST AND PRESENT. Eighth Edition, revised 
and improved, Fcap. 8vo, 4f. (>d. 

This is a series of Eight Lectures^ in the first of which Archbishop 
Trench considers the English language as it now is, decomposes some 
specimens of it, and thus discovers of what element it is compact. In 
the second Lecture he considers what the language might have been if the 
Norman Conquest had never taJsen place. In the following six Lectures 
he institutes from various points of view a comparison between the present 
language and the past, points out gains which it has made, losses which U 
fuis enduredy and generally calls attention to some of the more important 
changes through ivhich it has passed, or is at present passing, 

A SELECT GLOSSARY OF ENGLISH WORDS, used fonneriy 
in Senses Different from their Present Fourth Edition, enlarged 
Fcap. 8vo. 4^. dd. 

This alphabetically arranged Glossary contains many of the most im- 
portant of those English words which in the course of time have gradually 
changed their meanings. The author's object is to point out some of these 
changes, to suggest how many more there may be, to show how slight and 
subtle, while yet most real, these changes have often been, to trcu:e here and 
there the progressive steps by which the old meaning has been put off and the 
new put on, — the exact road which a word has traveled. The author thus 
hopes to render some assistance to those who regard this as a serviceable 
discipline in the training of their own minds or the minds of others. 
Although the book is in the form of a Glossary, it will be found as interest- 
ing as a series of brief well-told biographies, 

Vaughan (C. M.)— a shilling book of words 

FROM THE POETS. By C. M. Vaughan. i8mo. cloth. 

It has been felt of late years that the children of our parochial schools, 

and those classes of our countrymen which they commonly represent, are 

capable of being interested, and therefore benefited also, by something higher 

in the scale oj poetical composition than those brief and somewhat puerile 

Jra^ynents to which their knowledge was formerly restricted. An attempt 

Aas ^cen made to supply the want by forming a selection at once various 

afuf unam^ious ; hedlthy in tone^ just in smtimmt, eleuating; in thoifght, 
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In these Manuals the authors have atmed^ not so much to give informal 
tion, as to endeavour to discipline the mind in a way which has not 
^\ hitherto been customary, by bringing it into immediate contact with 
Nature herself. For this purpose a series of simple experimefits {to be 
Performed by the teacher) has been devised, leading up to the chief truths 
of each Science. Thus the power of observation in the pupils will be 
awakened and strengthened. Each Manual is copiously illustrated, and 
appended are lists of all the necessary apparatus, with prices, and 
directions cts to how they may be obtained. Professor Huxley^ s introduC' 
tory volume has been delayed through the illness of the author, but it is 
now expected to appear very shortly. " They are wonderfully clear and 
lucid in their instruction, simple in style, and admirable tn plan.^^" — 
Educational Times. 

PRIMER OF PHYSICAL GEOGRAPHY. By A. Geikie, LL.D., 
F.R.S., Murchison- Professor of CJeology and Mineralogy in the- 
fjniversity of Edinburgh. With numerous Illustrations. i8mo. 
cloth. IX. 

Everyone ought to know something about the air we breathe and the 
earth we live upon, and about the relations between them; and in this 
little work the author wishes to shoiu what sort of questions may be put 
about some of the chief parts of the book of nature, and especially about two 
of them^the Air and the Earth. The divisions of the book are as 
follows:— The Shape of the Earth— Day and Night— The Air— The 
Circulation of Water on the Land— The Sea— The Inside of the Earth. 

[Immediately. 

INTRODUCTORY. By Professor Huxley. [In the press. 

^J PRIMER OF GEOLOGY. By Archibald Geikie, F.RS. 

^ J [Immediately. 
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study by references to the Literature of the Science, The untform object 
has been to give a careful representation of the conflicting theories^ supplying 
the reader with materials for independent judgment, 

CAMEOS FROM ENGLISH HISTORY— See Yonge (C. M.) 

Delamotte. — a beginner's drawing book. By P. H. 

Delamotte, F.S.A. Progressively arranged, with upwards- of 
Fifty Plates. Crown 8vo. Stiff covers. 2s, 6d, 

This work is intended to give such instruction to Beginners in JDrawing, 
and to place before them copies so ecuy^ that they may not find any obstacle 
in making the first step. Thenceforward the lessons are gradually 
progressive. Mechanical improvements too have lent their aid. The whole 
of the Plates have been engraved by a new process ^ by means of which a 
varying depth of tone — up to the present time, the distinguishing charcuter* 
istic of pencil drawing — has been imparted to woodcuts, ** We have seen 
and examined a great many drawing'booksy but the one now before us strikes 
us as being the best of them all,'' — Illustrated Times. " A concise^ , 
simple^ and thoroughly practiced work. The letter-press is throughout ':■ 
intdligible and to the point. " — G uardian. 

D'Oursy and Feillet. — a FRENCH GRAMMAR AT 

SIGHT, on an entirely new method. By A. D'OuRSY-and 
A. Feillet. Especially adapted for Pupils preparing for Exa- ; 
mination. Fcap. 8vo. cloth extra. 2s. 6d, , 

The method followed in this volume consists in presenting the grammar , 
as much as possible by synoptical tables^ which, striking the eye at once^ and j 
following throughout the same order — " used — ^not used ; " ** changes^ ) 
does not change " — are easily remembered. The parsing tables will enable : 
the pupil to parse easily from the beginning. The exercises consist of 
.translcUions from French into English, and from English into French; 
and of a number of grammatical questions. I 

Freeman (Edward A.) — old -ENGLISH HISTORY. 

By Edward A. Freeman, D.C.L., late Fellow of Trinity 
College, Oxford. With Five Coloured Maps. Second Edition. 
Extra fcAp. 8vo. half-bound. 6s. 
7Jf^ rapid saleof the first edition and the unwersal a^^wol •wCtfc which 
^ Aas deen received, show that the authoi^% cotwictiotw haw* \>em iiA\ 
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the civilized world, that is, of Eurepe, and of the lands which have drcewn 
their civilization from Europe, Its object is to trace out the general rela- 
tions of different periods and different countries to one another^ without 
going minutely into the affairs of any partictdar country, TTiis is an 
object of the first importance, for without clear notions of general history, 
the history of particular countries can never be rightly understood. The 
narrative extends from the earliest movements of the Aryan peoples ^ down 
to the latest events both on the Eastern and Western Continents. The 
book consists of seventeen moderately sized chapters, each chapter being 
divided into a number of short numbered paragraphs, each with a title 
prefixed clearly indicative of the subject of the paragraph, ** It supplies 
the great want of a good foundation for historical teaching. The scheme 
is an excellent one, and this instalment has been executed in a way that 
promises much for the volumes thai are vet to appear,^* — Educational 
Times. 

/. GENERAL SKETCH OF EUROPEAN HISTORY. By 
Edward A. Freeman, D.C.L. Second Edition. i8mo. cloth. , 
3J. dd, 

IL HISTORY OF ENGLAND. By Edith Thompson. i8mo. 
cloth. 2.S. 6d. 

The following will shortly be issued : — 

SCOTLAND. By Margaret Macarthur. 
FRANCE. By the Rev. J. R. Green, M.A. 
ITALY. By the Rev. William Hunt, M.A. 
GERMANY. By J. Sime, M.A. 

Hales.— LONGER ENGLISH POEMS, with Notes, Philological 
and Explanatory, and an Introduction on the Teaching of English. 
Chiefly for use in Schools. Edited by J. W. Hales, M.A., late 
Fellow and Assistant Tutor of Christ's College, Cambridge, 
Lecturer in English Literature and Classical Composition at King's 
College School, London, &c. &c. Extra fcap.. 8vo. 41. 6d, 

This work hcts been in preparation for some years, and part of it has 
been used as a class'book by the Editor, It is intended as an aid to the 
CniicaJ study of English Literature, and contains one or more of the 
/af^]er/c?ems, each complete, of prominent English autKors, fwwi Spenser 
^if SAe/fey, including Burns' ''Cottei^s Saturday Night'' and ^^ T-wa 
^S^. " Jpt all cases the original spelling an^ the text oj thehesl ed\«fc,^ 
^^ J^en : onlvin one or two poems H<is it been deen^d n«e«* 
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student to analyse every obscure sentence and trace out the logical sentence 
efthepoe^s thoughts ; to point out the rules of Shakespear^s versification; 
to explain obsolete words and meanings ; and to guide the studenfs taste ^ 
directing his attention to such passages as seem especially worthy of note pr 
their poetical beauty or truth to nature. The text is in the main founded 
upon that of the first collected edition of Shakespear/s Plays, 

Martin.— SPRING-TIME with the poets. By Frances 

Martin. Second Edition. i8mo. 3J. 6d. ^ 

* This is a selection of poetry intended mainly for girls and boys between 
the ages of twelve and seventeen. 

THE POET*S HOUR : Poetry Selected and Arranged for Children. 
By Frances Martin. Second Edition. i8mo. 3^. 6d. 

This volume consists of nearly 200 Poems sMcted from the best Poets, 
ancient and modern, and is intended mainly for children between the ages 
of eight and twelve. 

M<C0Sh (Rev. Principal). — For other Works by the same 
Author, see Philosophical Catalogue. 

THE LAWS OF DISCURSIVE THOUGHT. Being a Text-Book 
. of Formal Logic. By James M*Cosh, D.D., LL.D. 8vo. 5J. : 

In this treatise the Notion {with the Term and the Relation of Thought I 

to Ixinguagej) will be found to occupy a larger relative place than in any \ 

logical work written since the time of the famous " Art of Thinking,** i 

'* We heartily welcome his book as one which is likely to bi of great value \ 
in Colleges and Schools, " — ATHENiBUM. 

Morris.— HISTORICAL OUTLINES OF ENGLISH ACCI- :i 
DENCE, comprising Chapters on the History and Development : 

of the Language, and on Word-formation. By the Rev. Richard 
Morris, LL.D., Member of the Council of the Philol. Soc., 

Lecturer on English Language and Literature in King's College 

School, Editor of ** Specimens of Early English," &c. &c. Third 

Edition. Extra fcap. 8vo. 65. 

Z>r. Aforris has endeavoured to write a loorfe imXwTv can \>e ^oj^uu-j 
^^fy students and by the upper form^ in our imblU scKools. En^ 
^^ammar. Ae aelieves!withor.t a reference to iU older forms, mu.i a^^ 
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Sonnenschein and Meiklejohn — continued. 

The First Course, consisting of Short Vowels with Single 
Consonants. 3^. 

The Second Course, with Combinations and Bridges, con-* 
sisting of Short Vowels with Double Consonants. 4//. 

The Third and Fourth Courses, consisting of Long 
Vowels, and all the Double Vowels in the Language. 6d. 

A Series of Books in which an attempt is made to place the process of 
learning to read English on a scientific dasis. This has been done by 
separating the perfectly regular parts of the language from the irregular^ 
and by giving the re^ar parts to the learner in the exact order of their 
difficulty. The child begins with the smallest possible element^ and adds to 
that element one letter ^in only one of its functions — at one time. Tlhus 
the sequence is natural and complete. * ' TTiese are admirable books, because 
th^ are constructed on a principle^ and that the simplest principle on which 
it ispossiltle to learn to read English^* — Spectatoil. 

Taylor (Rev. Isaac).— WORDS and PLACES ; or, 

Etymological Illustrations of History, Ethnology, and Geography. 
By the Rev. Isaac Taylor. Third Edition, revised and com- 
pressed. With Maps. Globe 8vo. 6^. 

In this edition the work has been recent with the intention of fitting it 
for the use of students and general readers, rather than, as before, to 
appeal to the judgment of philologers. The book has already been adopted 
by many packers, and is prescribed as a text-book in the Cambridge Higher 
Examinations for Women : and it is hoped that the reduced size and price, 
and the other changes now introduced, may make it more generally useful 
than heretofore for Educational purposes, 

Thring. — Works by Edward Thring, M.A., Head Master of '' 

Uppingham. 
THE ELEMENTS OF GRAMMAR TAUGHT IN ENGLISH, 

with Questions. Fourth E^tion. l8ma 2s. 

TAis little work is chiefly intended for teachers and learners. It took its 
fw^J^iWt questionings in National SchooU^ and the whole of the first part 
dr f/urefy ^ writing out in order the answers to qtustions 'uiKUK Kwot \)t«w 
^^^^a/raady tenth success. A chapter on J^tming Language is ts^ttvOX-:! 
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Trench (Archbishop) — continued. 

ENGLISH, PAST AND PRESENT. Eighth Edition, revised 
and improved. Fcap. 8vo. 4r. td. 

This is a series of Eight Lectures, in the first of which Archbishop 
Trench considers the English language as it now is, decomposes some 
specimens of it, and thus discovers of whaX element it is compact. In 
the second Lecture he considers what the language might have been if the 
Norman Conquest had never taken place. In the following six Lectures . 
fie institutes from various points of view a comparison between the present ' 
language and the past, points out gains which it has made, losses which it ^ 
heu. endured, and generally calls attention to some of the more importatii 

changes through which it has passed, or is ctt present passing, 

■ e 

A SELECT GLOSSARY OF ENGLISH WORDS, used formeriy 
in Senses Different from their Present Fourth Edition, enlarged. 
Fcap. 8vo. 4s, 6d, 

This alphabetically arranged Glossary contains many of the most im- "" 
portant of those English words which in the course of time have gradually \ " 
changed their meanings. The author^ s object is to point out some of these } * 
changes, to suggest how many more there may be, to show how slight and U ^ 
subtle, while y^ most reed, these changes have often been, to trace here and I ' 
there the progressive steps by which the old meaning has been put off and the j ^ 
new put on, — the exact road which a word has travdled. The author thus ^ 
hopes to render some assistance to those who regard this as a serviceable I ^ 
discipline in the training of their own minds or the minds of others^ J <■ 
Although the book is in the form of a Glossary, it will be found as interest- \ > 
ing as a series of brief well-told biographies, j 

Vaughan (C. M.) — a shilling book of words 

FROM THE POETS. By C. M. Vaughan. i8mo. cloth. 

// has been felt of late years that the children of our parochial schools ^ 

and those classes of our countrymen which they commonly represent, are ' 

capable of being interested, and therefore benefited also, by something higher 

f ft /^e scale of poetical composition than those brief and somewhat puerile 

y^a^^men/s to which their knowledge was formerly rtiirUted, An attempt 

^asfi^en made to supply the want by forming a selection at oncfuorvm 

^^^ unam^ious ; healthy in tone Just in sentiment, eleuaUngxnt>wm^YX, 
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Yonge (Charlotte M.) — continued. 

found very acceptable to those oj more mature years , and the life and 
reality imparted to the dry bones of history cannot fail to be attractive to 
readers of every age. ** 

EUROPEAN HISTORY. Narrated in a Series of Historical Selec- 
tions from the Best Authorities. Edited and arranged by E. M. 
Sewell and C. M. Yonge. First Series, icx>3 — 1154.. Crown 
8vo. ds. Second Series, 1088 — 1228. Crown 8vo. ds. 

When young children have acquired the outlines oJ History fro fn abridg* 
ments and catechisms^ and it becomes desirable to gitte a more enlarged 
view of the subject, in order to render U really useful and interesting, a 
difficulty often arises as to the choice of books. Vivo courses are open^ either 
to take a general and consequently dry history of facts, such as Russed 
Modern Europe, or to choose some work treating of a particular period or 
subject, such as the works of Macaulay and Fronde The former course 
usually renders histoiy uninteresting ; the latter is unsatisfactory because 
it is not sufficiently comprehensive. To remedy this difficulty. Selections,, 
continuous and chronological, have, in the present volume, been taken from 
the larger works of Freefnan, Milman, Palgrave, and others, which may 
serve as distinct landmarks of hisioriccU reading. " We know of scarcely 
cknything,^"* says the Guardian of this volume, ^^ which is so likely to ratst 
to a higher level the average standard of English education J*^ 

THE ABRIDGED BOOK OF GOLDEN DEEDS. A Reading 
Book for Schools and General Readers. By the Author of ** The 
Heir of Redely ffe." i8mo. cloth, is. 

A record of some of the good and great deeds of all time, abridged from 
the larger work of the same author in the Golden Treasury Series. 
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DIVINITY. 

^* For other Works by these Authors, see Theological Catalogue. 

Vbbott (Rev. E. A.)— Works by the Rev. E. A. Abbott, 
M.A., Head Master of the City of London School : — 

IIBLE LESSONS. Second Edition. Crown 8vo. 4J. 6<7. 

This book is written in the form of dialogues carried on between a 
'acher and pupil ^ and its main object is to make the scholar think for 
iniself The great bulk of the dialogues represents in the spirit^ and 
ften in the words, the religious instruction which the author has been 
t the habit of giving to the Fifth and Sixth Forms of the City of London 
ehool. Tfu author has endeavoured to make the dialogrees thoroughly 
nsectarian. ** l^ise, suggestive, and really profound initiation into religious 
'loughty — Guardian. ** I think nobody could read them without being 
7th the better for them himself and being also able to see konv this difficult 
uty of imparting a sound religious education may be effected." — From 
iiSHOP OF St. David's Speech at the Education Conference 
T Abergv^^illy. 

'HE GOOD VOICES ; A Child's Guide to the Bible. Crown 
8vo. cloth extra, gilt edges. 5^. 

Mr. Abbott is already kno^un as a most successful teacher of religious 
'uth ; it is believed that this Utile book will show that he can make Bible 
ssons attractive and edifying even to the youngest child. The book is 
uite devoid of all conventionality and catechetical teaching, and only en- 
'favours in simple language and easy style, by means of short stories and 
lustrations from every quarter likely to interest a child, to imprint the 
udiments of religious knoi&lcdge, and inspire young ones with a desire to 
^e and trust God, and to do what is right. The author wishes to imbue 
\em with the feeling that at all times and in all circumstances, whether in 
ton or country, at work or at play, they are living in the presence of a 
'avenly Father, who is continually speaking to them zvith the Good VqIc^ 
■ Nature and Revelation. The volume contains uJMoards oj ^Ci -iwoodcxa^- 

./2^BI.£.9 FOR CHILDREN. WVt\v T\\xee \\\\3i?XT^^^^aw=. Cac^^h^ 
8vo. cloth extra, gilt edges. 3^. 6d. 
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** The volume contains a number of very delightfully written and yet 
simple parables^ to be read out to little children as an introductiiyn to Bible 
reading. They are certainly admirably adapted for the pur pise. The 
style is colloquial and will be understood by the youngest child, ani the 
parctbles themselves are very interesting and well chose n^ — Standard. 

Arnold.— A bible-reading for schools. The 

Great Prophecy of Israel's Restoration (Isaiah, Chapters 
40 — 66). Arranged and Edited for Young Learners. By Mat- 
thew Arnold, D.C.L., formerly Professor of Poetry in the 
University of Oxford, and Fellow of Oriel. Third Edition. i8mo. 
cloth. If. 

^* Schools for the people,*^ the power of letters — which embraces nothing 
less tlian the whole history of the human spirit — has hardly been brought 
to bear at all, Mr. Arnold, in this little volume, attempts to remedy thts 
defect, by doing for the Bible what has been so abundantly done for Greek 
and Roman, as well cu English authors, viz, — taking " some whole, of 
admirable literary beauty in style and treatment, of manageable length, 
within defined limUs ; and presenting this to the learner in an intelligible 
shape, adding such explanations and helps as may enable him to grasp 
it as a connected and complete work.^^ Mr, Arnold thinks it clear thai 
nothing could more exactly suit the purpose than what the Old Testament 
gives us in the last twenty-seven chapters of the Book of Isaiah, beginning 
** Comfort ye,''* &*c. He has endeavoured to present a perfectly correct 
text, maintaining at the same time the unparalleled bctlance and rhythm of 
the Authorised Version, In an Introductory note, Mr. Arnold briefly 
sums up the events of yewish history to the starting-point of the chapters 
chosen ; and, in the copious notes appended, every assistance is given to the. 
complete understanding of the text. There is nothing in the book to hinder 
the adherent of any school of interpretation or of religious belief from 1 
using it, and from putting it into the hands of children. The Preface \ 
contains much that is interesting and valuable on the relation of " letters^\ 
to education, of the priruiples that ought to guide the makers of a nevf' 
version of the Bible, and other important matters. Altogether, it is^ 
believed the volume wHl be found to form a text-book of the greatest value 
/0 se^Aoofs of all classes, * * Mr , Arnold has done the greatest possible service 
/a t'A^pudfic. We never read any tronslation 0/ IsataH -uuKxcK i-nJitrfered 
^er f/Mr te/f/^ (he musical rhythm an^ o^soaotions 0/ our EngUsK B.\>» 
^ans/eUum, while doing so much to display the missing Xinlis in iKt t 
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H ard wick — coritinued, 

the student of ecclesiastical history in the Middle Ages^ we know no 
English work xvhich can be compared to Mr. Hardwick's book,'* — 
Guardian. 

A HISTORY OF THE CHRISTIAN CHURCH DURING THE 
REFORMATION. By Archdeacon Hardwick. Third 
Edition. Edited by Professor Stubbs. Crown 8vo. los. td. 

This volume is inttnded as a sequel and companion to the ** History of 
the Christian Church during the Middle Age.** The author's earnest 
wish has been to give the reader a trustworthy version of those stirring 
incidents which mark the Reformation period, without relinquishing his 
former claim to characterise peculiar systems, persons, and events according 
to the shades and colours they ctssume, when contemplated from an English 
point of view and by a member of the Church of E7tgland, 

Maclear. — Works by the Rev. G. F. MACLEAR, D.D., Head 
Master of King's College School, and Preacher at the Temple 
Church. 

A CLASS-BOOK OF OLD TESTAMENT HISTORY. Sixth 
Edition, with Four Maps. i8mo. cloth. 4^. dd. 

This volume forvts a Class-book of Old Testament History from the 
earliest times to those of Ezra and Nehemiah, In its preparation tkt 
most recent authorities have been consulted, and wherever it has appeared 
useful. Notes have been subjoined illustrcUive of the Text, and, for the sakt 
of more advanced studetits, references added to larger works, TTie Index 
has been so arranged as to form a concise dictionary of the persons and 
places mentioned in the course of the narrative; while the Maps, which havt 
been prepared with considerable care at Stanford* s Geographical Establish- 
ment, will, it is hoped, materially add to the value and usefidness of thf • 
Book. ** A careful and elaborate though brief compendium of all that 
modem research has done for the Ulustiation of the Old Testament. We \ 
know of no work which contains so much important information in so 
small a compass.** — British Quarterly Review. 

A CLASS-BOOK OF NEW TESTAMENT HISTORY, includinij 
the Connexion of the Old and New Testament. With Four Maps. • 
Fourth Edition, l8mo. clotVi. ^s.^d, 

^ st^uel tef thi author^ s Class-book of Old Testommt History, contvmu*^ 
^^tarrative from the point at which it thert end&\ and carry vn^U «n \ 
«***j«wr ^ S/. BxuPs second imprisonment at Rome. In vU ^^^ax^ 
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Procter. — a HISTORY OF the book of common ■ 

PRAYER, with a Rationale of its Offices. By Francis Procter, ' 
M.A. Tenth Edition, revised and enlarged. Crown 8vc. 
lar. 6(/. 

In the course of the hut twenty years the whole question of Liturgicd 
kfunulcdge has been reopened with great learning and acatrate research : 
and it is mainly with the view of epitomizing extensive publications^ ani 
correcting the errors and misconceptions which had obtained currency, 
that the present volume has been put together, ** IVe admire the authoii 
diligence, and bear willing testimony to the extent and accuracy of his 
reading. The origin of every part of the Prayer Book hcu been diligently 
investigated, ctnd there are few questions of facts contucted vnth it which 
are not either sufficiently explained, or so referred to that persons interested 
may work out the truth for themselves.*^ — AxHENiEUM. 

Procter and Maclear.— an elementary intro- 
duction TO the book of common prayer. 

Re-arranged and supplemented by an Explanation of the Morning 
and Evening Prayer and the Litany. By the Rev. F. Proctm 
and the Rev. G. F. Maclear. Fourth Edition. i8mo. 2s, td. 

As in the other Clcus-books of the series. Notes have also been subjoined, 
and references given to larger works, and it is hoped that the volume wiU 
be found adapted for use in the higher forms of our Public Sc/tools, and a 
suitable manual for thost preparing for the Oxford and Cambridge local 
examinations. This New Edition has been considerably altered, and 
several important additions have been made. Besides a re-arrangement 
of the work genercUly, the Historical Portion has been supplemented by an 
Explanation of the Morning and Evening Prayer and of the Litany, 

Psalms of David Chronologically Arranged. By 

Four Friends. An Amended Version, with Historical 
Introduction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. Crown 8vo. 8i. 6ii. 

7b r^s/ore Ihe Psalter as far as possible to the order in which the Psalms 
rM:nf ze/r///e/t, — /o give the division of each Psolm into strot>Kes, of tocK 
r/npjfAe' m/o /Ae lines which composed it,--to anutid iht errors of tramlaixotv 
^ ^^^ 04/.CI oriJie present EdUion, Professor ^;^f^-^Xi:^^^^ 
^^^ Me J^salms, have been eMensrvely consulted, i ^ ^^^^^ 

"^^M satis/action by masters far private work ^n 
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schools. The Spectator calls this ^^ one of the most instructive and 

valuable books that has been published for many years,^ 
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Ramsay. — ^THE CATECHISER'S MANUAL; or, the Church 

Catechism lUustrated and Explained, for the use of Clergymen, 

Schoolmasters, and Teachers. By the Rev. Arthur Ramsay, 

M, A. Second Edition. i8mo. \s. 6d. 

A clear explanation of the Catechism, by way of Question and Answer. 

** This is by far the best Manual on the Catechism we have met with." 

—English Journal of Education. 

Simpson.— AN EPITOME OF THE HISTORY OF THE 
CHRISTIAN CHURCH. By William" Simpson, M.A. 
Fifth Edition. Fcap. 8vo. y. 6d, 
A compendious summary oj Church History. 

Swainson.— A HANDBOOK to BUTLER'S ANALOGY. By 
C. A. Swainson, D.D., Canon of Chichester. Crown 8vo. is. 6d. 

This manual is designed to serve as a handbook or road-book to the 
Student in reading the Analogy^ to give the Student a sketch or outline map 
of the country on which he is entering^ and to point out to him matters of 
interest as he pcuises along. 

Trench.— SYNONYMS OF THE NEW TESTAMENT. By 
R. Chevenix Tr nch, D.D., Archbishop of Dublin. New 
Edition, enlarged. 8vo. cloth. I2s, 

The study of synonyms in any language is valuable as a discipline 
for training the mind to close and accurate habits of thought : more 
especially is this the case in Greek — **a language spoken by a people of the 
finest and subtlest intellect ; who saw distinctions where others saw none; 
who divided out to different words what others often were content to huddle 
confusedly under a common term. This work is recognised as a valuable 
companion to every student of the New Testament in the original. This, 
the Seventh Edition, has been carefully revised, and a considerable number 
of new synonyms added. Appended is an Index to the Synonyms, and an 
Index to many other words alluded to or explained throughout the work. 
**Heis," the Athenaeum says, '* a guidt in this de^aYtme%\i o^ v-xvcrm- 
/trd^ir /o zvkom his readers may intruii tlwrnscl-ues -untH conjvAtiace. ^ 

soi^r fucf^jnent and sound sense are barriers against tHt wxs ta 

mj^uiffice of arbitrary hypothtsts^ 
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WeStCOtt. — Works by BROOKE FOSS WESTCOTT, B.D., 
Canon of Peterborough. 

A GENERAL SURVEY OF THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Third Edition, revised. Crown 
8vo. loj". dd. 

The author has endeavoured to connect the history of the New Testament 
Canon with the growth and consolidation of the Church, and to point oul 
the relation existing between the amount of evidence for the authenticity of 
its component parts, and the whole mass of Christian literature. Such « 
method of inquiry ivill cojivey both the truest notion of the connection ofthi 
written IVord with the living Body of Christ, and the surest conviction of 
its divine authority. Of this work the SATURDAY Review writer : " Theo- 
hgtcal students, and not they only, but the general public, owe a deep dtM ' 
oj gratitude to Mr. Westcott for bringing this subject fairly before them 

in this candid and comprehensive essay As a theological work it u 

at once perfectly fair and impartial, and imbued with a thoroughly 
religious spirit; and as a manual it exhibits, in a lucid form and in a 
narrow compass, the results of extensive research and cucurate thought. 
We cordially recommend it.** 

INTRODUCTION TO THE STUDY OF THE FOUR GOSPELS. 
Fourth Edition. Crown 8vo. iQs 6d. 

The author's chief object in this wtrk is to show thcU there is a true 
mean betiveen the idea of a formal harmonization of the Gospels and the 
abandonment of their absolute truth. The trecUise consists of ei^ht 
chapters: — /. The Preparation for the Gospel. J I. The Jewish Doctrine 
oj the Messiah. III. The Origin of the Gospels. IV. The Charac- 
teristics of the Gospels. V. The Gospel of St. John. VI. 6r» VIL The 
Differences in detail and of arrangement in the Synoptic Evangelists. 
VIII. The Difficulties of the Gospels. ** To a learning and accuracy 
which commands respect and confidence, he unites what are not odways i8 
^^y^fu/m union with these qualities., the no less valuaile faculties of lucid 
arrangement and graceful and f adit expression,"— \.o^^Qv.C^feA:v:^^«\:v 
Review. 

i GElsTERAL VIEW OF THB HlStO^X ^^ .^^^^ ^^"^^ 
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Westcott — continued, 

** TTie first trustworthy account we have had oj thuc unique and mar- 
vellous monument of the piety of our ancestors,^* — Daily News. 

" A brief y scholarly, and, to a great extent, an original contribution to 
theological litei'ature. He is the first to offer any considerable contribu' 
tions to what he calls their intei'7tal histoiy, which deals with their relation 
to other texts, xuith their filiation one on another, and with the principles by 
which they have been successively viodifed," — Pall Mall Gazette. 

THE BIBLE IN THE CHURCH. A Popular Account of the 
Collection and Reception of the Holy Scriptures in the Christian 
Churches. New Edition. i8mo. cloth. 4J. 6d. 

The present book is an attempt to answer a request, which has been made 
from time to time, to place in a simple form, for the use of geiieral readers, 
the substance of the author's ^''History of the Canon of the Nciv Testament.** 
An elaborate and comprehensive Introduction is followed by chapters on 
the Bible of the Apostolic Age; on the Growth of the New Testament ; the 
Apostolic Fathers ; the Age of the Apologists ; the First Christian Bible; 
the Bible Proscribed and Restored ; the Age of Jei'otne and Augustine ; 
the Bible of the Middle Ages in the West and in the East, and in the 
Sixteenth Century, Two Appendices on the History of the Old Testament 
Canon before the Christian Era, and on the Contents of the most ancient 
AfSS. of the Christian Bible, complete the volume. ** We would recommend 
every one who loves and studies the Bible to read and ponder this exquisite 
little book. Mr. Westcott s accoutit of the * Canon * is true hbtory in its 
highest sense." — LITERARY CHURCHMAN. 

THE GOSPEL OF THE RESURRECTION. Thoughts on its 

Relation to Reason and History. New Edition. Fcap. 8vo. 

4J. 6d. 

This Essay is an endeavour to consider some of the elementary truths 

of Christianity as a miraculous Revelation, from the side of History and 

Reason. If the arguments which are here culduced are valid, they will go 

far to prove that the Resurrection, with all that it includes^ is the key to 

the history of man, and the compUfnent 0/ reason. 

Wilson.— THE BIBLE STUDENTS GUIDE to the more Correct 
Understanding of the EngVvsYv txax\:^^\:\wv Q.V \5wt <::\$s.'^^'^^5ssnk^^ 
by reference to the Origiiia\ WeJbTe^. ^^ n^waavaj.^^^^^ 
DD., Canon of Winchestw, \ate Y^\\ov» o\ '^^'^IJ;^ \^ 
Oxford. Second Edition, caieluWN ^^NSs^ey.. fik^*^- ^ '^ * 
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This work is the result of almost incredible labour bestoived on it during 
many years. Its object is to enable the readers of the Old Testament 
Scriptures to penetrate into the real meaning of the sacred zuriters. All the 
English words used in the Authorized Version are alphabetically arranged^ 
and beneath them are given the Hebrew equivalents^ with a careful expla- 
nation of the peculiar signification and construction of each term. The 
knowledge of the Hebrew language is not absolutely necessary to the profit- 
able use of the work. Devout and accurate students of the Bible, entirely 
unacquainted with Hebrew, may derive great advantage from frequent 
reference to it. It is especially adapted for the use of the clergy, * * For all 
earnest students of the Old Testament Scriptures it is a most valuable 
Manual. Its arrangement is so simple that those who possess only their 
mother-tongue, if they will take a little pains, may employ it with great 
profit, " — Nonconformist. 

Yonge (Charlotte M,)— scripture READINGS FOR 

SCHOOLS AND FAMILIES. By Charlotte M. Yonge, 
Author of "The Heir of Redclyffe." Globe 8vo. \s, td. 
With Comments, 3^. 6d, 

A Second Series. From Joshua to Solomon. Extra fcap. 
is. 6d. With Comments, 3J. 6d, 

Actual need has led the author to endeai/our to prepare a reading book con- 
venient for study with children, containing the very words of the Bible, with 
only a few expedient omissions, and arranged in Lessons of such length cu by 
experience she has found to suit with children's ordinary power of accurate 
attentive interest. The verse form has been retained, because of its con- 
venieftcefor children reading in class, and as more resembling their Bibles ; 
but the poetical portions have been given in their lines. When Psalms or 
portions from the Prophets illustrate or fall in with the narrative they are 
given in their chronological sequence. The Scripture portion, with a very 
few notes explanatory of mere words, is bound up apart, to be used by 
children, while the same is also supplied with a brief comment, the purpose 
of which is either to assist the tauher in explaining the lesson, or to be 
used by more advanced young people to whom it may not be possible to give 
a^^,^ss /b tke authorities whence it has been taken. Professor Huxley, at a 
/sva:i^//jr ^//^^f London School Board., ^arikwlarly mentiotwrf the selection 
^fo/^fyAfiSs Vonge as an example of how selections wigKt be made frtmx 
<^^d^/^ybr ScAool Reading, See T lM^s» Af orcfc -^o, \%n\ . 



Catalogue of Works on Education, Physical 
and Mental, General and Special, 

Arnold.— A FRENCH ETON : OR, MIDDLE - CLASS 
EDUCATION AND THE STATE. Fcap. 8vo. cloth, zs. 6d, 

This interesting little volume is the result of a visit to France in 1 8 59 
by Mr. Arnold^ authorized by the Royal Commissioners y who were then 
inquiring into the state of popular education in England^ to seek^ in their 
name^ information respecting the French Primary Schools. * * A very 
interesting dissertation on the system of secondary instruction in France, 
and on the advisability of copying the system in Englaftd." — Saturday 
^ Review. 

Jex-Blake.— A VLSIT TO SOME AMERICAN SCHOOLS 
AND COLLEGES. By Sophia Jex-Blake. Crown 8vo. 
cloth, dr. 

**/« the following pages I have endeavoured to give a simple and 
accurcUe account of what I saw during a series of visits to some of the 
Schools and Colleges in the United States. . . . I wish simply to give other 
teachers an opportunity of seeing through my eyes what they cannot 
perhaps see for themselves, and to this end I have recorded just such parti- 
culars as I should myself care to know.'^ — Author's Preface. ^^Miss 
Blake gives a living picture of the Schools and Colleges themselves in whith 
that education is carried on,**— Pall Mall Gazette. 

Maclaren.— TRAINING, IN THEORY AND PRACTICE. 
By Archibald Maclaren, the Gymnasium, Oxford. 8vo. 
Handsomely bound in cloth, *js, 6d. 

TA^ orc^inary agents of fualth are Rxtrd^t^ Diet, SUe^, ^'''^ ^^"^^^^^^ 
ofu/ C/otAin^. In this work the author eocamines eacH oj tHcst cv 
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in detail^ and from tivo different points of view. First, as to the manner 
in which it is, or should be, administered under ordinary circunistaficer. : 
and secondly, in ivhat manner and to what extent this mode of adminis- 
tration is, or should be, altered for purposes of training ; the object of 
** training," according to the author, being ^^ to put the body, with extreme 
and exceptional care, under the influence of all the agents which promote 
its health and strength, in order to enable it to meet extreme and excep- 
tional demands upon its energies.''^ Appended are various diagrams and 
tables relating to boat-racing, and tables connected with diet and training. 
** The philosophy of human health has seldom received so apt an exposi- 
tion." — Globe. ** After all the nonsense that has been written about 
training, it is a comfort to get hold of a thoroughly sensible book at last. " 
— ^JoHN Bull. 



Quain (Richard, F.R.S.) — ON SOME DEFECTS IN 

GENERAL EDUCATION. By Richard Quain, F.R.S. 
Crown 8vo. 3^. dd. 

Having been changed by the College of Surgeons with the delivery of the 
Hunterian Oration for 1869, the author has aimled himself of the occa- 
sion to bring under notice some defects in the general education of the 
country, which, in his opinion, affect injuriously all classes of the people, 
and not least the members of his own profession. The earlier pages of the 
address contain a short notice of the genius and labours ofyohn Hunter, 
but the subject of Education will befoufid to occupy the larger part. **An 
interesting addition to educational literature." — GUARDIAN. 



Selkirk.— GUIDE TO THE CRICKET-GROUND. By G. H, 
Selkirk. With Woodcuts. Extra fcap. 8vo. y. 6d. 

The introductory chapter of this little work contains a history of the 

National Game, and is followed by a chapter giving Definitions of Terms. 

Then follow ample directions to young cricketers as to the proper style in 

w^ich t0j>lay, information being given on every dttail connected with the 

^/n^. Tlie d(?ok contains a number of useful illustrations, including a 

s/fart'm^ft scoring-sheet. * * We can heartily recommend, to all cvkketers^ eld 

'^<f^ jycwn^, ^Ais excellent Guide to the Cricfeet-grotmdr— ^^^-^.-w^c. 
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Thring.— EDUCATION AND SCHOOL. By the Rev. Edward 
Thring, M.A., Head Master of Uppingham School. Second 
Edition. Crown 8vo. cloth. 5^. 6d, 

** An vrvaluable book on a subject oj the highest importance. ^^ — 
English Indkpendent. 



Vandervell and Witham. — a SYSTEM OF FIGURE- 
SKATING: Being the Theory and Practice of the Art as de- 
veloped in England, with a Glance at its Origin and History. By 
II. E. Vandervell and T. M. Witham, Members of the London 
Skating Club. Extra fcap. 8vo. ds, 

* * The authors are eindently xvdl qualified for the task they have under- 
taken ; and although they have selected a title for their work which might 
possibly detei' a 'lifiident learner from looking into its pageSy they have 
nevertheless begun at the be^nningy and without assuming any knowledge 
on the part of the reader y they have clearly pointed otity by a series of in- 
structive diagramSy the footprints of the skatei'y as developed in lines and 
fiqtiresy from the loiuest to the highest stage of difficulties.^^ — The Field. 
** The volume may be accepted as a manual for the use oJ all skaters" — 
Bell's Like. 



Wolseley (Col. Sir Garnet, C.B.) — the soldier's 

POCKET BOOK. By Colonel Sir Garnet Wolseley, C.B. 
New Edition, enlarged. 4^. dd. 

This book is indispensable to e7jery soldiery whether of the Regular Army 
or of the VolunteerSy who seeks to be an intelligefit defender of his countiy. 
Full instructions are given on the widest and minutest matterSy and the 
book is written in a deary lively stylcy that at once arrests attention and 
conveys the desired kno7vledge. The New Edition contains all the most 
recent Regulations for the Army and Volunteers ; also, for the first time, 
the Uses and Managemetit of Railways in the operations of War are fully 
discussed. The Times saysy ^''Everybody feels that it is 3iA.st nssAxat Ve 
wanted/^ the Daiuy Telegraph, ** Evtry loldXtx -wHo lulshcs to sk-vl^^- 
s^afu/ Ais J>ro/ession ought to have it ;" and the N o^^^^-t^^^ ^^^*^i^^^ 
Gazette sfron^xiy recommends Volunteers to j^entse it diligc^^^^ • 
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Youmans.— MODERN culture : its True Aims and Require- 
ments. A Series of Addresses and Arguments on the Claims of 
Scientific Education. Edited by Edward L. Youmans, M.D. 
Crown 8vo. %s, 6d, ' 

Contents.— Pro/essor Tyndall ** On the ^tudy of Physics ;^^ Dr. 
Daubeny ** On the Study of Chemistry ;" Professcn- Henfrey *' On the 
Study of Botany ;" Professor Huxley on the Study oj Zoology ;" Dr. J. 
Paget " On the Study of Physiology ^ Dr. Whewell '* On the Educa- 
tional History of Science f^ Dr. Faraday ^^ On the Education of the 
yudgment ; Dr. Hodgson ** On the Study of Economic Science ;" Mr. 
Herbert Spencer ^*' On Political Education ;^^ Professor Masson ** On 
College Education and Self Education ;** Dr. Youmans ** On the Scientific 
Study of Human Nature. " An Appendix contains extracts from dis- 
tinguished authors f and from the Scientific Evidence given before the Public 
Sthools Commission. 
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